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ON  IGNITING  BLASTS  BY  MEANS  OF  ELECTRICITY. 


By  JuiiTus  H.  Steiedingee,  C.  E.,    Member  of  the  Society. 
For  "which  the  Norman  Book  Prize  was  awarded,  November  7th,  1877. 


I. 

The  great  blast  recently  attempted  at  Port  Henry  Iron  Mine  was  only 
a  partial  success.  Its  failure  has  been  attributed  to  either  imijerfect 
electrical  arrangements  or  to  the  freezing  of  the  nitro-glycerine  com- 
pounds used,  or  both. 

On  the  other  hand  we  learn,  that  two  serious  accidents  have  happened 
within  a  few  months  at  the  mouth  of  the  Sutro  Tunnel,  both  through  the 
sudden  and  apparently  unaccountable  discharge  of  a  number  of  exploders. 
An  investigation  into  the  cause  of  these  accidents  clearly  established  the 
fact,  that  in  the  exceedingly  dry  atmosphere  of  the  high  plateau  between 
the  Sierra  Nevada  and  the  Rocky  Mountains,  certain  frictional  fuses  can 
be  set  off  by  electricity  accumulated  in  the  human  body. 

Such  discouraging  occurrences  naturally  lead  us  to  inquire  whether, 
in  our  present  state  of  knowledge  of  high  explosives  and  their  mode  of 


detonation  no  reliable  means  exist  of  preventing  a  rej)etition  of  similar 
misfires  and  premature  explosions.  In  considering  these  points  tlie  fol- 
lowing questions  suggest  themselves  : 

1.  Is  it  possible  to  fire,  with  certainty,  simultaneously  a  large  number 
of  mines  ? 

2.  Can  frozen  nitro-r/lycerine  comjjotaids  be  detonated? 

3.  Can  the  tise  of  over-sensitive  fuses  be  avoided? 

That  a  large  number  of  mines  can  be  simultaneously  sticcessfully 
fired  was  demonstrated  by  General  Newton's  blast  of  Hallet's  Point  Eeef , 
where  over  3,600  separate  charges  were  simultaneously  exi^loded.  The 
method  here  adoj^ted  consisted  in  dividing  all  the  mines  to  be  ignited  by 
electricity  into  a  large  number  of  independent  groups,  supislying  suffi- 
cient battery  po^\•er  for  each  group  to  fire  with  certainty  all  the  fuses  in 
the  groui>,  and  then  at  the  requisite  moment  simultaneously  closing  the 
circuits  of  all  the  groups  by  means  of  the  gravity  circuit  closer  of  J.  H. 
Striedinger  and  A.  Doerflinger,  illustrated  by  the  annexed  drawings. 
Plates  I,   II  and  III 

As  the  number  of  cups  and  pins  can  be  increased  at  will,  and  since 
the  probability  of  firing  a  number  of  mines  increases  with  the  number  of 
groups  into  which  they  are  divided,  and  the  probabihty  of  detonating  a 
single  charge  is  proportional  to  the  number  of  independent  fuses  placed 
into  it,  it  follows,  that  the  writer's  method  of  simultaneously  firing  an  wi- 
limitea  number  of  i  ndependent  groups  offers  a  sure  means  of  preventing  mis- 
fire, and  that  five  thousand  charges  can  with  the  same  degree  of  certainty 
be  ignited  as  ten. 

In  reference  to  the  second  point,  it  is  only  necessary  to  state,  that 
numerous  experiments  have  proved,  that  nitro-glycerine  compounds  can 
as  surely  be  detonated  when  frozen  as  when  not  congealed,  i)rovided  a 
fuse,  containing  not  less  than  twenty  grains  of  good  fulminate  of  mer- 
cury *  or  its  equivalent,  is  used. 

Before  answering  the  3rd  question  : 

"  Can  the  use  of  over-sensitive  fuses  be  avoided  without  giving  up  blasting 
by  means  of  electricity,"  we  should  state,  that  the  frictional  blasting- 
machine  and  frictional  electric  fuse  were  successfully  used  by  the  Sutro 
Tunnel  Company  for  a  number  of  years  without  any  accident  whatever, 
until  last  December,  since  Avhich  time  the  two  serious  ones,  already  men- 
tioned, have  occurred. 

*  Comijare  Annual  Report  of  the  Chief  of  Engineers  U.S.A.,  1875.     Part  2.    Page  209. 


The  explanation  wliicli  can  be  given  is,  that  competing  manufacturers 
have  been  in  the  habit  of  increasing  more  and  more  the  sensitiveness  of 
their  exploders  in  order  to  earn  for  them  the  reputation  of  certainty  of 
detonation  in  great  numbers. 

The  use  of  over-sensitive  exijloders  may  be  avoided  : 

1st.  By  the  exclusive  emploifment  of  a  safe  priming — (as  for  instance, 
Browii's  composition  No.  -ii) — in  the  construction  of  electric  fuses. 

2d.    By  tlie  examination  of  fuses  before  tliey  are  given  to  the  blaster. 

By  exposing  each  fuse  to  electric  discharges  somewhat  exceeding  those 
derived  from  the  accumulated  electricity  in  the  human  body  the  safety 
of  the  exploder  is  readily  proven.  A  Holtz  machine  without  Leyden  jars, 
or  the  induction  coil  connected  with  a  few  constant  cells  are  suitable 
apparatuses  for  such  tests. 

The  objections  to  these  two  directions  are,  that  their  practical  appli- 
cation still  more  reduces  the  already  limited  number  of  exploders,  which 
can  be  simultaneously  fired  with  the  frictional  electrical  machines  as 
found  in  our  market  at  present.  Hence  for  the  safe  detonation  of  a  gi'eat 
number  of  independent  charges,  the  use  of  an  entirely  different  electrical 
apparatus  becomes  necessary. 

Since  even  our  "Standard  Fuses,"  which  of  all  low-tension  fuses 
seem  to  be  the  most  susceptible  to  frictional  electricity,  have  only  about 
one- third  of  the  sensitiveness  of  very  safe  frictional  fuses,  it  follows  : 

3d.  The  adoption  of  low-tension  fuses  in  conjunction  with  magneto-electric 
machines  or  voltaic  batteries  is  the  most  radical  way  of  preventing  the  acci- 
dents consequent  on  the  rish  in  handling  over-sensitive  fuses. 

Again,  since  in  the  United  States  both  magneto-electric  machines  and 
galvanic  batteries  have  been  built,  which  can  simultaueoitsly  iguite  thou- 
sands of  our  "  Standard  Fuses,"  and  furthermore,  since  low-tension  fuses 
admit  of  quick  and  accurate  testing,  less  perfect  insulation,  various  group- 
ing, <S:c.,  etc.,  we  can  but  advise  a  more  liberal  use  of  magneto-electric 
machines  or  galvanic  batteries  and  low-tension  exploders  in  place  of 
frictional  blasting  machines  and  frictional  electrical  fuses. 

In  the  following  pages  will  be  found  descrip)tions  and  drawings  of  the 
loio-tension  fuse,  the  galvanic  batteries  and  battery  frames  as  success- 
ftdly  used  at  the  demolition  of  Hallet's  Point  Reef,  Hellgate,  on  September 
24,  1876. 
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OUK    ST.tNDAED    FuSE — A.    LaFFLIN     &    EaND    FuSE,    IMPROVED    BY    THE 

Wkitek. 

Whenever  a  galvanic  current  jjasses  through  a  wire  it  meets  a  certain 
fixed  resistance,  in  overcoming  which  the  energy  expended  is  converted 
into  an  equivalent  amount  of  heat. 

This  property  possessed  by  the  current  is  utilized  in  the  low-tension 
fuses,  the  priming  of  which  is  fired  by  heating  a  fine  wire  stretched 
across  the  ends  of  two  copper  wires,  whose  open  ends  are  connected  with 
the  jjoles  of  the  battery. 

Professor  Abel,  F.  R.  S. ,  stated  before  the  Society  of  Telegraph  Engi- 
neers, in  a  j)aper  relating  to  electrical  fuses  :* 

"The  highly  permanent  character  of  the  platinum,  combined  with 
the  comparatively  great  resistance  which  it  opposes  to  the  passage  of  an 
electric  current,  has  led  to  its  being  almost  exclusively  used  until  quite 
recently  as  the  material  for  the  construction  of  the  bridge  in  low-tension 
fuses." 

And  again  : 

"  Both  the  German  silver  and  platinum -silver  alloy  are  gi'eatly  supe- 
rior to  platinum  in  regai'd  to  the  resistance  opposed  to  the  passage  of  a 
current,  and  the  heat  consequently  developed  in  given  lengths  of  wire 
of  a  particular  diameter.  Comparative  experiments  made  by  me  (Prof. 
Abel)  appear  to  warrant  the  conclusion  tliixt  a  wire  consisting  of  the  alloy 
composed  of  about  66  parts  of  silver  and  33  of  platinum  is  not  only 
superior  to  a  platinum  wire  of  considerably  smaller  diameter,  as  regards 
the  resistance  it  oifers  to  the  jDassage  of  an  electric  current ;  but  that  it 
is  also,  practically,  quite  equal  in  this  respect  to  a  German  silver  wire  of 
the  same  diameter,  and  is,  at  the  same  time,  greatly  superior  to  tlie  latter 
in  its  power  to  resist  corrosion." 

Based  upon  the  assertions  of  so  high  an  authority  as  Professor  Abel, 
silver-platinum  wire  of  0.0014  inch  diameter  was  at  once  imported  from 
England. 

Our  subseque/it  experiments  toiih  said  wire  proved  its  superloritij  over 
the  materials  iintiL  then  used  in  the  construction  of  electric  fuses  on  this  side 
of  the  Atla/itic. 

The  most  judicious  length  of  the  silver-j)latinum  wire  bridge  and  the 
selection  of  the  fuse  priming  remain  yet  to  be  discussed. 


*  Compare  :  Journal  of  the  Society  of  Telegraph  Engineers,  Vol.  III.,  No.  8,  iHli.    Notes 
relating  to  electric  fuses,  by  Professor  Abel,  F.  R.  S,,  Member  of  Council. 


Since  the  sensitiveness  of  exploders  increases  with  the  diminution  of 
the  vahie  of  fc-,  the  product  of  resistance  of  the  fuse  at  the  moment  of 
explosion,  and  the  square  of  the  needful  current,*  with  a  view  of  select- 
ing the  most  sensitive  low-tension  fuse,  the  constants/  and  c  of  a  variety 
of  fuses  were  experimentally  found  ;  platinum-silver  wire  forming  chiefly 
the  material  for  the  bridges,  while  fulminate  of  mercury  and  gun-cotton 
were  alternately  employed  as  jDriming  agents  in  the  fuses. 

Although  Professor  Abel's  directions  for  making  gun-cotton  priming 
(compare  notes  relating  to  electric  fuses,  Journal,  Society  Telegraph  En- 
gineers) for  very  fine  wire  bridges  were  strictly  adhered  to,  both  in  the 
preparation  and  application  of  the  "gun-cotton  dust — fulminate  of  mer- 
cury mixture  " — yet  the  technical  difficulty  of  maintaining  the  pulverized 
gun-cotton  in  close  contact  with  the  thin  platinum-silver  wire  seems  not 
to  be  entirely  overcome  by  this  improvement  over  the  usual  method  of 
pressing  a  small  tuft  of  gun-cotton  wool  around  the  wire  bridge,  since  a 
shaking  of  the  "gun-cotton  dust  "  fuses  facilitated  their  explosion  when 
they  were  exposed  to  the  heating  action  of  a  galvanic  current. 

The  well  known  French  chemist.  Champion,  recommends  for  securing 
a  permanent  contact  between  the  wire  bridge  and  the  gun-cotton  prim- 
ing, the  application  of  the  latter  in  the  form  of  collodium.  This  we  tried 
also,  but  found  that  fuses  prejoared  in  this  manner  required  a  stronger 
current  than  common  gun-cotton  fuses,  unless  especial  care  is  taken  in 
drying  them. 

Fulminate  of  mercury,  although  it  exj^lodes  at  a  lower  temperature 
than  gun-cotton  (we  found  the  exploding  temperature  of  the  former  to 
be  368^  Fahrenheit,  and  of  the  latter  432-^  Fahrenheit!) ,  yet  requires 
being  a  better  conductor  of  heat  than  gun-cotton,  a  little  intenser  current 
than  pyroxilin  for  inflammation,  when  used  as  priming  agent  for  low- 
tension  fuses.  On  the  other  hand,  fulminate  of  mercury  is  less  hygro- 
scopic than  gun-cotton,  and,  owing  to  its  greater  specific  gravity,  packs 
itself  better  around  the  fine  wire  bridge — proj^erties  which  assure  the 
greater  uniformity  in  the  time  of  explosion  of  fuses,  when  exposed  to  the 
action  of  equal  currents. 

Tliese  considerations  resulted  in  the  exclusive  use  of  fulminate  of  inercury 
as  priming  for  our  standard  fuses. 

*  Compare  :  Transactions  of  the  Am.  Soc.  C.  E.,  Vol.  VI.,  page  186. 

t  Champion  gives  as  the  exploding  temperature  ot  Gun-cotton,  428='  Fahrenheit  ;  and  of 
Fulminate  of  Mercury,  392"  Fahrenheit.  (Compare  :  La  dynamite  et  la  nitroglycarine  par 
P.  Champion,  Paris,  1872,  page  30.) 


The  coiitparison  of  tlie  sensitiveness  of  the  different  fulminate  of  mercurif 
fuses  led  us  io  the  adoption  af  a  platinum-silver  bridge  o/^  0.0014  inch  diam- 
eter, and  1%  i7icJi  in  length,  which  decision  is  in  entire  accordance  with 
the  determinations  of  General  Henry  L.  Abbot,  U.  S.  E.,  who  by  his 
method  devised  for  use  at  the  School  of  Submarine  Mining,  at  Willet's 
Point,  has  determined  the  constants  of  many  different  tyjaes  of  fuses,  of 
which  the  following  tables  exhibit  the  data  for  four  superior  exj^loders.* 

Description  of  said  foue  Fuses. 


Type. 


Fine  wire  bridge  consists  of 


Primed  with 


3-16' '  platinum  wire 0.025  inch  in  diam.    Fulm  nate  of  mercury. 

3-16' '  platinum-silver  wire.  .0.0014  "  "  " 

3-16   "  gold-iron  wire 0.0020 


Our  Standard  fuse]  4-16''  platinum-silver  wire.. 0.001 4 

I 


Constants  of  Single  Fuses. 


Besistance  in  Ohms. 

.  ■ 

Current  in 

Webers  to  effect 

explosion. 

Type. 

Cold. 

At  explosion. 

Diff. 

A 

0.72 
1.49 
1.87 
1.90 

0.82 
1.57 
1.90 
2.01 

0.10 

0.08 
0.09 
0.11 

0.45 

B 

0.33 

C 

Our  Standard  Fuse 

0.34 
0.28 

TeiaijS  with  Fuses  coupled  in  seeies. 


Type  A. 

Our  Standard  Fuse. 

Currents  varying  from 

Per  cent.  fail. 

Currents  varying  from 

Per  cent.  fail. 

1.0  to  1.2  Webers. 

33 

0.40  to  0.45  Webers. 

67 

1.2  to  1.3 

8 

0.45  to  0.50 

44 

1.3  to  1.4 

3 

0.50  to  0.55 

33 

1.4  to  1.5 

1 

0.55  to  0.60 

17 

1.5  and  more. 

0 

0.60  to  0.65 

8 

0.67  and  more. 

0 

♦Compare:  General  Abbot's  paper,  "Theory  of  Simultaneous  Ignitions,"  No.  XXXIX. 
printed  papers,  pages  147  and  148. 


Since  tlie  sensitiveness  of  a  fuse  is  measured  by  the  smallness  of  the 
value  of  its /  c-',  the  resistance  of  the  fiase  at  the  moment  of  explosion 
(/■),  multiplied  by  the  square  of  the  needful  current  (c),  we  now  have  a 
ready  means  of  comparing  the  merits  of  the  above  four  low-tension 
fuses. 

Adopting  this  mode,  we  find  : 


/  =    resist- 
ance of  each 
fuse  at  the 
instant  of 
explosion. 

c  =  current  in  Webers 
needful  to  fire 

/c»  = 

Type  of  Fuse. 

Single  Fuses. 

Fuses  united 
in  series. 

A 

0.82 
1.57 
1.96 
2.01 
0.82 
2.01 

0.45 
0.33 
0.34 
0.28 

1.5 
0.67 

0.16605 
0.170973 

0.226576 
0.157584 
1.845 
0.902289 

B 

C 

Our  Stanclard  Fuse 

A 

Our  Standard  Fuse 

Which  means  that  our  Slandardfuse  is  the  most  sensitioe  in  the  list  of  these 
four  exploders,  which  actually  are  the  best  kind  of  fuses  at  present  em- 
ployed in  this  country. 

Since  our  fuses  were  to  be  used  for  submarine  blasting,  and  likely  to 
be  exposed  during  three  days  to  a  considerable  pressure,  experiments  for 
the  purpose  of  emplnying  an  impermeable  fuse  covering  loere  instituted  and 
determined  after  thefullounng  results  were  arrived  at  : 

1.  Nitro-gli/cerine  is  less  permeating  than  sea-water.  Fuses,  which  get 
spoiled  in  water  after  one  day's  submersion,  will  be  still  serviceable  after 
three  days'  exposure  to  nitro-glycerine. 

2.  Laflin  &  Rand's  copper  shell  fuses,  covered  at  least  \  inch  with  good 
gutta  percha,  and  previous  to  their  employment,  additionally  protected  with 
a  thin  (4V  inch  thick)  coating  of  paraffine,  will,  when  kept  in  a  depth  of  AQ 

feet,  resist  tJie  per  meat  ioti  of  salt  water,  at  least,  four  days. 


Description  of  our  low-tension  Standard  Fuse.     Plate  IV. 

In  the  construction  of  this  exploder,  three  copper  cylinders  are  used, 
of  which  the  gmaller  ones,  being  open  both  on  top  and  bottom,  are  em- 
ployed for  confining  the  iDriming  agent -ten  grains  of  fulminate  of  mer- 
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cuvy — while  the  larger  one  of  the  three  copper  'cylindei's  is  closed  at 
the  base,  and  when  provided  with  the  strengthening  charge — ten  grains 
of  fulminate  of  mercury — is  slipped  on  the  copper  priming  case.  The 
connecting  wires  jDass  through  the  larger  one  of  the  open  cop^jer 
cylinders  ;  they  project  beyond  its  top  nearly  one-quarter  of  an  inch, 
and.  when  one-quarter  of  an  inch  aj^urt,  are  secured  in  their  position  by 
molten  sulphur.  The  fine  bridge  is  soldered  on  the  terminals,  which 
are  then  squeezed  together  a  little  in  order  to  relieve  the  strain  on  the 
bridge.  The  other  of  the  open  and  short  co^jper  cylinders  is  pressed 
into  the  wire  cup  until  it  rests  upon  the  sulphur  filling,  when  it  is 
charged  with  the  priming  and  sealed  by  a  rubber  wad.  The  priming 
case  being  now  finished,  the  copper  cap  containing  the  additional  ten 
grains  of  fulminate  of  mercury  is  pushed  on  it  and  the  whole  covered 
with  at  least  one-eighth  inch  of  good  gutta-percha. 

For  the  use  at  the  final  blast  at  Hallet's  Point,  Hell  Gate,  our  stand- 
ard fuses  were  made  uj)  in  bunches  forming  continuous  and  perfectly 
insulated  circuits  of  twenty-one  exploders  each.  The  distances  between 
the  fuses  while  being  the  same  for  each  set  of  twenty-one,  varied  from 
twenty  to  twenty-five,  thirty  and  thirty-five  feet. 

The  fine  platinum-silver  wire  and  the  giitta-ipercha  covered  connect- 
ing wire,  the  latter  of  size  18  X  9,  American  gauge,  were  furnished, 
after  having  passed  our  examination,  to  the  fuse  manufacturer,  the  Laflin 
&  Kand  Powder  Co. 

Dimensions  of  cue  Standaed  Fuses. 

Length  of  wire  bridge i  inch  in  the  clear. 

Diameter  of  platinum-silver  bridge  wire 0.0014  inch. 

Length  of  longer  copper  cylinder  containing  wire  terminals,  |- 

Diameter  of  longer  copper  cylinder  containing  wire  terminals,  f 

Length  of  shorter  copper  cylinder  closed  Avith  rubber  wad,  ^f 
Length  of  copper  cap  containing  the  strengthening  charge,  if 
Total  length  of  fuse  before  gutta-percha  covering  is  put  on,         1\ 

Diameter  of  gutta-percha  covered  fuse f 

Size  of  connecting  resp.  fuse  wires 18x9  A.  G. 

answering  to  a  copper  wire  of 0.010303  inch  diam. 

covered  with  one  coat  of  gutta-percha  increasing 

the  total  thickness  of  the  connecting  wire  to. . .  .  0.11413  inch. 


in. 

Our  galvanic  batteeies  and  battery  frames.  Designed  by  tlie  writer. 
Plates  V  and  VI. 
Eacli  of  the  twenti/-ihree  large  plunge  batteries  was  built  up  by  means 
of  ten-cell  batteries  consisting  of  a  wooden  box  containing  ten  glass 
cnjis  filled  witli  "  bi-cliromate  solntion"  and  a  Avooden  bar  suspending 
ten  zinc-carbon  elements.  Stont  copper  strains  solidly  connected  the 
ten  elements  for  "intensity."  The  extreme  elements  of  each  ten  cell 
battery  were  i^rovided  with  binding  screws  for  No.  10  a.  g.  wire  ;  in 
addition  to  which  nine  10-cells  bars  also  had  screw  posts  for  each  ele- 
ment. (This  was  done  as  a  means  of  enabling  the  building  up  of  bat- 
teries of  any  number  of  cells.)  The  bar  was  made  of  very  w^ell  seasoned 
wood.  Each  cell,  as  received  from  the  manufacturer,  Mr.  Chas.  T. 
Chester,  wdien  filled  with  fresh  fluid  offered  in  the  beginning  of  immer- 
sion not  less  than  1.08  Yolts  electro-mutive  force  and  a  resistance  not 
exceding  0.12  Ohms. 

Dimensions  of  one  IQ-cell  plunge  hatlery  as  used  in  the  final  blast. 

Outside  measure  of  Avooden  box  containing  the  ten  cells,     7"x7.V"xl7^" 

Each  glass  cup  Avas  in  the  clear 6''x4:f"Xli' 

Each  of  the  plates  measured 4^"  x  6" 

and  when  lowered  into  the  fluid  the  elements  opposed,  4^"X4:^" 

Distance  in  the  clear  betAveen  zinc  and  carbon  plates  of 

one  element -j^-" 

Size  of  coj^per  strap  connecting  the  carbon  plate  of  one 

cell  Avith  the  zinc  plate  of  the  adjacent  cell 3V'X2"X^2V" 

Size  of  wooden  bar  supporting  the  elements 17J"X2f"X  «"" 

but  excluding  a  tenon  of VxW'Xi" 

on  each  end  for  guiding  the  bar  of  the  plunge  battery. 
Weight  of  one  battery  box  containing  the  ten  glass  cups 

filled  with  the  "solution  " 44  pounds. 

Weight  of  cross-bar  Avith  its  elements  and  binding  i)ost,      14.5        " 

Fortij-eight  of  such  ten- cell  plunge  batteries,  as  described  above,  we7'e 
placed  into  each  of  the  two  large  batter}/  frames. 

Each  batter y  frame  had  two  tiers  of  shelves,  which  were  divided  longi- 
tudinally into  two  halves  and  by  means  of  posts  aud  guide-boards  lat- 
erally subdivided  into  six  sections,   forming   altogether  2  X  2  X  6  =  24 
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partitions,  or  24  divisions  for  two  ten-cell  batteries.  The  battery  boxes 
rested  directly  on  the  shelves,  while  the  wooden  bars  carrying  the  ele- 
ments were  suspended  by  means  of  insulated  iron  bolts  from  iron  bars, 
which  being  i^laced  j^arallel  to  the  centre  bracing,  extended  through  the 
whole  frame.  As  there  were  laterally  four  rows  of  batteries  on  each  of 
the  two  shelves,  every  battery  frame  Avas  j^rovided  with  eight  iron  bars 
from  which  the  elements  were  susj)ended.  The  bars  were  suj^ported  at 
their  extremities  by  the  front  and  rear  wooden  slides,  which  again  could 
be  vertically  raised  and  lowered  by  means  of  the  simple  mechanical 
device  of  a  rack  and  pinion  motion.  The  partition  boards  of  the  frame 
were  morticed  through  in  order  to  act  both  as  "leads  "  for  the  tenons  of 
the  wooden  bars  and  as  guides  for  the  iron  hoisting  bars.  Wooden 
chocks  attached  to  the  uprights  of  the  frame  held  the  slides  to  aud 
allowed  them  to  glide  along  the  narx'ow  faces  of  the  battery  frame.  In 
order  to  facilitate  the  labor  of  raising  and  lowering  the  slides,  four  balance 
weights  were  employed  Avith  each  frame.  The  suspending  rojies  of  the 
balance  weights  worked  on  sheaves  in  the  front  and  rear  cap  pieces,  and 
were  fastened  to  the  posts  of  the  slides.  The  whole  being  nicely  equi- 
poised, well  proportioned  and  finished,  little  exertion  sufficed  to  lower 
the  elements  into  or  to  raise  them  out  of  the  cells  by  simply  giving  the 
crank  four- tenths  of  a  turn.  Preparatory  to  the  final  blast,  the  elements 
were  hoisted  up,  the  battery  boxes  were  withdrawn  from  the  shelves  and 
filled  with  the  standard  measure  of  the  "bi-chromate  solution." 

Every  part  having  been  made  perfectly  fitting  an  easy  "  l>ringing 
home  "  of  the  boxes  was  the  only  requii-emeut  in  returning  them. 

When  any  of  the  elements  needed  rej^airiug,  the  nuts  of  the  suspen- 
sion rods  were  unscrewed,  the  rods  removed  and  the  wooden  bar  holding' 
the  elements  was  taken  out  of  the  tenon  slide  hole  by  raising  the  bar  a 
little  more  on  one  side.  With  the  same  facility  the  elements  were 
replaced. 

Dime7isions  of  each  battery  frame  and  its  characteristic  j^arts. 

Space  occupied  by  frame 7'  X  6'3V'  X  11'8V' 

Interior  dimensions  of  one  two  10-ecll  division  in  lower 

tier lS"x29.i"xl5i" 

Do.  do.  in  upper  tier 18"  x  28i"  X  15i" 

Width  of  slides 32" 

Size  of  each  slide-post 3"x5'4V'x3'" 
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Size  of  each  battery  frame-post 3"x5'8"x3 ' 

"     "      "     battery  frame-post  brace 3"x4'10i"X2" 

"     "      "         •'  "     cap  piece 5'2V'x4i"x3" 

Weight  of  one  slide 46  pounds. 

Size  of  each  iron  hoisting  bar ll'X2"Xt" 

Weight  of  one  iron  hoisting  bar 64.5  j^ounds. 

Size  of  one  suspending  rod I"  diam.  8 J"  long. 

Diameter  of  spherical  head  of  suspending  rod i^-" 

Size  of  one  cast-iron  balance  weight 11"  X 11"  X 11" 

Weight    "  "  "  "      about 326  pounds. 

After  the  final  examination  and  electrical  testing  of  the  cells,  which 
gave  very  satisfactory  results,  the  batteries  were  united  into  twenty-three 
large  blasting  batteries  of  which  the  "  Westerly  "  frame,  Plate  I,  Fig.  1, 
contained  seven  batteries  (Nos.  3,  6,  7,  8,  9,  10  and  11)  each  of  forty-four 
cells,  and  four  batteries  (Nos.  1,  2,  4  and  5)  each  of  forty-three  cells, 
while  the  four  hundi'ed  and  eighty  cells  of  the  "  Easterly  "  frame  were 
coupled  in  twelve  large  batteries,  each  of  forty  cells.  The  wire  connec- 
tion between  the  negative  poles  of  these  twenty-three  batteries  and  the 
twenty-three  brass  pins  of  the  circuit  closer  was  then  undertaken,  while 
the  screw  cups  of  the  positive  poles  of  the  twenty-three  large  plunge 
batteries  and  the  stems  of  the  twenty-three  mercury  cui)s  were  each  pro- 
vided with  an  "  8-wire  fork." 

In  order  to  prevent  the  fouling  of  any  of  the  wires  directly  connect- 
ing with  the  batteries,  they  were  secured  by  means  of  ^-inch  cotton  tape 
to  the  hoisting  bars  of  the  battery  frame,  and  also  supported  by  lashing 
from  the  ceiling  of  the  battery-house  wherever  possible. 

After  the  drill-holes  were  primed,  the  lead-wires  run  to  the  battery- 
house,  and  the  water  allowed  to  enter  the  rock  excavation,  the  groups 
were  tested  once  more,  labeled  and  classified.  (Tlie  observed  resistance 
of  single  groups — twenty  of  "  Our  Standard  Fuses,"  one  "  lead  "  and  one 
"return  "  wire — lay  between  37.0  Ohms  and  40.7  Ohms  at  a  temperature 
of  the  water,  of  63'^  Fahrenheit.)  Groups  of  practically  equal  resistance 
were  now  united  in  bunches  of  eight,  and  finally  connected  with  the 
"8-wire  forks  ;"  care  was  taken  to  unite  the  eight  grouj)  branches  in  pro- 
portion to  their  joint  resistance  with  a  more  or  less  jaowerful  battery, 
viz.,  a  44,  43  or  40  cell  battery. 

Description  of  the  manufacture  of  the  '^Bichromate  Solution."' — 180 
pounds  of  i^ure  bichromate  of  potassa  were  dissolved  in  150  gallons  of 
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hot  Avater  of  a  temperature  of  135°  Falireulieit.  When  the  sohition  had 
cooled  down  to  85'^  Fahrenheit,  30  gallons  of  sulphuric  acid  of  1.83 
specific  gravity  were  gradually  added  to  it,  while  the  fluid  was  agitated. 
Specific  gravity  of  solution  32.2°  Beaume  at  160°  Fahrenheit.  The 
color  of  the  "  solution  "'  was  of  a  beautiful  red,  and  unlike  the  mercantile 
article  of  "  bichromate  solution,"  which  is  of  chestnut  color. 

The  illustratious  accompanying  this  paper  are  as  follows  : 

Plates  I,  II  and  III. 
Gravity  Circuit  Cloiier  nf  J.  H.  Strierlinger  and  A.    Doerflinger,  as  used  at 
the  demolition  of  Hallet's  Point  Reef,  Hellgale. 

Fig.  1.  Elevation  of  the  circuit  closer. 

a',  position  occupied  by  movable  pin  plate  previous  to  the  lowering 
of  the  galvanic  elements  into  the  cells.  Some  of  the  pins  are  shown 
as  connected  with  the  wires  going  to  the  negative  poles  of  the  batteries. 

a,  position  occui^ied  by  pin  i^late  just  before  the  touching  off  of  the 
blast. 

h,  fixed  plate  provided  with  the  mercury  cups,  of  which  some  are 
shown  as  united  by  means  of  the  wire  forks,  with  the  groiaps  of  fuses. 

c,  position  occupied  by  intercepting  table  until  the  preijarations  were 
finished  for  the  final  closing  of  the  circuits,  when  the  intercepting  table 
was  removed.  (Compare  Figs.  13  and  14,  Plate  III. ) 

Fig.  2.  Full  top  view  of  gravity  circuit  closer. 

Fig.  3.  Elevation  of  gravity  circuit  closer,  showing  position  occupied 
by  movable  plate  after  the  severing  of  the  suspending  cord  by  the  ex- 
plosion of  the  small  cartridge  or  torj^edo. 

The  pins  are,  by  means  of  the  mercury  filling,  in  metallic  contact 
with  the  mercury  cups. 

Fig.  4.   Top  view  of  circuit  closer  below  plane  m  n. 

Fig.  5.  Elevation  of  brass  pin.  a,  sectional  view  of  part  of  the  mov- 
able pin  plate. 

Fig.  6.  Top  Adew  of  brass  pin. 

Fig.  7.  Elevation  of  mercury  cup.  b,  sectional  view  of  part  of  fixed 
plate. 

Fig.  8.  Top  view  of  mercury  cup. 

Fig.  9.  Section  of  brass  pin. 

Fig,  10.  Section  of  mercury  cup  and  its  rubber  tubing,  and  rubber 
washer  insulators. 

Fig.  11.  Bottom  view  of  merciiry  cup. 
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Figs.  12  and  13.  Side  views  and  top  and  bottom  views  of  intercepting 
table,  which  jjrevents  the  accidental  closing  of  the  circuits  when  jjlaced 
between  the  pin  and  mercury  cup  plates.     (Compare  Fig.  1,  Plate  I.) 

Plate  IV. 
Our  Standard  Fuse  as  used  at  the  demolition  of  HalleCs  Point  Reef. 

Figs.  1  and  3.  Outside  and  sectional  views  of  said  fuse.     Full  size. 

Fig.  2.  Perspective  view  of  the  three-  copper  shells  employed  in  the 
construction  of  said  fuse. 

Plates  V  and  VI. 

Our  Galvanic  Batteries  and  Battery  Frames  as  used  in  tlie  final  blast. 

Fig.  1.  Side  elevation  of  "Westerly"  frame.  The  480  zinc  carbon 
elements  are  united  into  eleven  large  blasting  batteries. 

Fig.  2.  Phxu  of  foundation  timbers  of  battery  frame. 

Fig.  3.   Cross  section  on  a  b.     (Compare  Fig.  1,  Plate  V.) 

Fig.  4.  End  elevation  of  battery  frame.  The  slides  are  entirely 
lowered. 
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A  PECULIAR  CASE  OF  FAILURE  IN  A  WATER  MAIN. 


A  Paper  by  D.  McN.  Stafffek,  0.  E. ,  Member  of  the  Society. 
Read  Decembek  5th,  1877. 


The  accompanying  sketch  (Plate  VII.)  illustrates  what,  to  the  best  of 
my  knowledge,  is  a  unique  case  of  failure  in  a  water  main,  and  is  suffi- 
ciently curious  to  be  noted. 

As  shown  on  the  drawing,  a  hole  1  in.  x  i  in.  was  scoured  entirely 
through  a  cast-iron  pipe  ij  in.  thick  and  four  inches  inside  diameter. 
Unfortunately  the  break  was  rejiaired  and  the  lead  melted  out  of  the 
"bell  "of  the  adjoining  pipe  before  an  observation  could  be  made,  so 
that  Ave  can  only  get  at  the  cause  by  an  examination  of  the  injured  por- 
tion of  the  i>i])e. 

The  water  flowing  through  this  pipe  is  supplied  from  a  reservoir  bi 
miles  distant,  and  at  an  elevation  of  280  feet  above  the  portion  in  ques- 
tion. The  pressure  taken  at  the  nearest  fire-iilug  varies  from  80  to  100 
lbs.  per  square  inch,  depending  upon  the  time  of  observation  and  the 
amount  of  water  being  drawn  off.  The  soil  in  which  the  pipe  is  laid 
contains  much  fine,  sharp  sand,  and  it  is  the  i^resence  of  this  sharp 
sand,  we  take  it,  that  accounts  for  the  mischief. 
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Tlie  hole  was  in  the  top  of  the  pipe,  and  is  evidently  the  result  of  a 
scouring  action  ;  there  is  no  sign  whatever  of  a  flaw  in  the  iron,  which 
is  of  an  excellent  quality. 

The  cause  was  apparently  as  follows  :  The  lead  used  in  making  the 
joint  was,  very  probably,  carelessly  poured  and  as  imperfectly  caulked, 
leaving  a  weak  spot  in  the  joint  at  the  "pouring  gate,"  on  top  of  the 
pipe. 

The  lead  giving  way  under  the  pressure,  allowed  a  small  jet  of  water 
under  an  average  pressure  of  90  lbs.  per  square  inch  to  strike  the  pipe 
gust  outside  of  the  bell.  The  soil  above,  mainly  sharp  sand,  continually 
caving  in  from  the  action  of  the  water,  furnished  an  excellent  grinding 
material,  and  the  jet  was  the  active  agent,  thus  forming,  in  fact,  a  nat- 
ural "sand-blast,"  exactly  similar  in  effect  to  the  machine  so  usefully 
applied  by  Mr.  Tilghmau.  The  outside  of  the  pipe  was  brightly  scoured 
within  the  limits  indicated  by  the  dotted  lines  on  the  drawing,  and 
grains  of  sharp  sand  Avere  still  imbedded  in  the  pits  shown  in  the  sketch. 
Just  how  the  grinding  material  got  under  the  "  bell,"  as  it  evidently  did, 
is  the  one  thing  not  easily  exj)lained,  as  there  is  no  evidence  of  any  sand 
toitliin  the  jjipe.  Four  days  before  the  water  burst  through  the  injured 
pipe,  this  joint  w'as  laid  bare  in  making  some  repairs,  and  there  was  no 
leak  then  apparent,  so  that  this  f  in.  of  cast-iron  must  have  been 
scoured  through  within  that  time. 


DISCUSSION 

Ox  A  Peculiar   Case  of  Falluke  in  a  Water   Maix. 


Mr.  George  S.  Greexe,  Jr. — I  think  this  not  a  very  uncommon  case 
of  failure.  Mr.  A.  W.  Craven,  when  Chief  Engineer  of  the  Croton 
Aqueduct,  had  in  his  office  specimens  of  pipe  cut  by  sand  and  a  current 
of  water.  The  explanation  given  in  the  i^aper  by  Mr.  Staufter  appears 
fairly  to  account  for  the  effect  produced,  although  the  time,  four  days, 
seems  somewhat  short  for  cutting  through  a  pipe  ^in.  thick. 

Mr.  W.  H.  Paixe. — At  the  caisson  for  foundation  of  the  Brooklyn 
Bridge,  sand  Avas  blown  out  through  a  pipe  3^  in.  diameter  (a  short  jjiece 
at  the  lower  end  was  only  2Un.  diameter).  At  the  upj)er  end  an  elbow 
was  necessary  to  properly  direct  the  stream  of  sand.     The  iron  in  these 
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elbows  was  gin.  tliick.  Under  a  pressure  of  34^  pounds,  the  greatest 
pressure,  tlie  stream  of  sand  cut  tlirougli  every  kind  of  iron  tried  except 
Franklinite,  in  one  lialf  hour.     Frauklinite  stood  longer. 

Mk.  C.  L.  Mc Alpine. — A  similar  tube  Avas  used  at  the  Harlem  River 
Bridge  for  months,  at  aboiat  the  same  pressure  as  that  mentioned  by  Mr. 
Paine,  but  with  no  perceptible  wear  of  the  pipe,  althoiigh  a  large* qvian- 
tity  of  sharp  sand,  gravel  and  stones  was  ejected  with  a  force  that  sent 
stones  through  the  atmospheric  air  to  a  distance  of  60  feet. 

Mr.  Wm.  J.  McAlpine. — I  have  closely  examined  the  pipe  in  ques- 
tion, and  with  a  new,  sharp  file.*  I  find  the  edges  of  the  hole  to  be  a. 
white,  chilled  iron,  and  other  parts  of  the  pipe  of  materials  of  various 
grades,  from  very  soft  to  very  hard  iron.  In  some  places  I  have  picked 
out  some  of  the  matei'ial  with  the  point  of  a  i^ocket  knife.  The  pipe  was 
undoubtedly  a  defective  one,  and  at  the  place  in  it  where  the  leak 
occurred,  scoria  or  other  imperfect  material  with  no  more  consistency 
than  coke,  overlaid  the  very  thin  sheet  of  hard  iron.  The  latter  was  evi- 
dently too  ivi'uk  to  withstand  the  internal  pressure  of  the  water. 

The  theory  of  the  author  of  the  pajaer  is  that  the  watei'  that  produced 
the  scour  escaped  from  an  adjoining  bell- joint.  The  action  of  the  leakage 
water,  under  the  circumstances,  would  make  two  short,  nearly  right, 
angle  turns,  and  after  finally  escaping,  would  be  i^rojected  in  a  nearly 
horizontal  direction  parallel  to  the  pipe,  and  thus  encountering  a  rounded 
surface  of  iron  on  one  side  and  the  natural  earths  on  the  other,  as  men- 
tioned by  the  author,  its  force  would  be  so  diffused  that  it  could  only  act 
upon  the  weaker  material — the  sand,  and  woiild  have  no  force  left  to  act 
upon  the  iron. 

If  the  iron  pipe  contained  scoria  also,  as  the  surface  showed,  it  would 
have  but  little  coherence  or  strength,  and  its  surface  might  be  rapidly 
worn  away,  and  produce  the  result  which  the  specimen  exhibits.  This 
specimen  evidently  had  not  sufficient  strength  to  resist  the  pressure  of 
water  from  the  interior  of  the  pipe  to  which  it  is  said  to  have  been  sub- 
jected. 

I  differ  entirely  from  the  author's  theory  that  the  hole  in  this  pipe  was 
or  could  have  been  produced  by  or  on  the  princi]3le  of  a  "sand  blast," 
so  called. 

*  Deceiiibpr  19th,  1878.  The  piece  of  pipe  containing  the  hole  as  described  in  the  above 
paper,  was  exhibited. 
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EREATA. 
In  paper    (CLII,   Vol.    VI),    entitled    "Notes   and  Experiments  ou 
the  use  and  testing  of  Portland  Qement,"  by  William  W.  Maclay,  C.E., 
in  Table  20,  Page  363,  the  last  five  columns  of  Analyses,  Nos.  7,  8,  9,  10, 
and  11,  and  the  Kemarks,  should  read,  as  follows  : 


7 

8 

9 

10 

11 

German 

American 

American 

Portland, 

German 

Portland, 

Portland, 

English 
Portland. 

Bonn, 

"  Mining 

and 

Portland, 

Kralt, 

and 

"  Saylor's 

from 

Coplay, 

"Saylor's 

from 

Coplav, 

Kemakkb. 

Smelting 

Saulich. 

Penn., 

Penn.. 

Union." 

U.  S." 

U.  S." 

Hopfgart- 
ner. 

Hopfgart- 
ner. 

Feichtin- 
ger. 

F.  A. 

Cairns. 

1877. 

F.  A. 

Cairns. 
1877. 

55.06 

57.83 

55.28 

56.35 

61.05 

In  Analysis  Nos.  10 
and   11,  alkalies  were 

22.92 

23  81 

22.86 

21.12 

21.18 

undetermined.  The 
figures    opposite    Sul- 

8.00 

9.38 

9.03 

11.42 

8.50 

phate  of  Lime,  Ca.  So, 
in  these  two  Analyses, 
represent  percentages 

5.46 

5.22 

6.14 

1.73 

2.50 

of  Sulphuric  Acid, 
So». 

0.77 

1.35 

1.64 

4.92 

3.57 

1.13 

0.59 

0.77 

1.70 

0.71 

1.75 

1.11 

3.20 

1.73 

2.19 

2.27 

1.08 

2.67 

0.93 

acid. 

AMEEIOAN   SOCIETY   OF  CIVIL  ENGINEERS. 

INSTITUTED     1852. 
►— ♦ — * 

Note. — This   Society  is  not  responsible,  as  a  body,  for   the  facts  and  opinions  advanced  in  any 

of  its  publications. 


CLV. 

(Vol.  VII.— February,  1878.) 

THE  IMPROVEMENT  OF  THE  SOUTH  BOSTON  FLATS 

BY    THE    HARBOR    COMMISSIONERS    OF    THE    STATE    OF    MASSACHUSETTS. 


A  Paper  by  Edward  S.  Phtlbrick,  C.  E.,'  Member  of  the  Society. 
Presented  February  20th,  1878. 


It  was  found,  some  twenty  years  since  that  the  upper  harbor  of 
Boston,  between  the  end  of  Long  Wharf  and  the  Castle  Island  narrows, 
had  become  so  much  shoaler  during  the  past  century,  that  considerable 
inconvenience  had  been  occasioned  to  the  commerce  of  the  port. 

Seeking  reUef  from  this  steadily  increasing  evil,  the  city  government 
in  1860,  by  Hon.  F.  W.  Lincoln,  Mayor,  called  in  the  aid  of  a  commission 
of  experts  whom  the  President  appointed  for  the  jDurpose,  consisting 
of  the  Chief  Engineer  of  the  United  States  Army,  Gen.  Jos.  G.  Totten, 
the  Superintendent  of  the  United  States  National  Observatory,  Admiral 
Chas.  H.  Davis,  and  the  Superintendent  of  the  Coast  Survey,  Prof.  A. 
D.  Bache.  These  commissioners  undertook  by  careful  hydrograiihic 
surveys  and  researches  based  thereon  to  account  for  the  changes  that 
had  taken  jolace,  and  to  recommend  such  action  as  might  be  advisable 
to  remedy  the  evils.  They  embodied  their  researches  and  advice  in  ten 
reports  to  the  city  government,  of  which  a  short  abstract  is  given  below; 
but  owing  to  the  magnitude  of  the  works  recommended  it  was  considered 
to  be  more  appropriate  for  the  State  and  Federal  Governments  than  for 
the  city  alone  to  carry  them  out. 

In  pursuance  of  this  view,  the  Federal  Government  has  accomijlished 
imj)ortant  work  in  the  lower  harbor  along  the  line  of  the  main  ship  chan- 
nel. The  State  Legislature  also  passed  an  act  in  1866,  constituting  a  Board 
of  Harbor  Commissioners  to  whom  was  committed  the  interests  of  the 
State  in    guarding   against   all   encroachments   and   deterioration   from 
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■whatever  causes  in  all  the  harbors  of  the  State;  aud  with  particular 
reference  to  remedying  the  shoaling  of  the  upper  harbor  of  Boston  by 
the  works  recommended.  The  former  Board  of  Federal  officers  was 
retained  as  an  "  Advisory  Board "  to  co-operate  and  advise  in  these 
important  improvements.  On  the  death  of  Gen.  Totten,  his  place  w^as 
filled  by  his  successor,  Gen.  Delafield,  Chief  Engineer  of  the  United 
States  Army,  and  on  the  death  of  Prof.  Bache,  his  place  was  filled  by 
Prof.  Benj.  Pierce,  Sui^erintendent  of  the  Coast  Survey.  Prof.  Henry 
Mitchell,  assistant  in  the  Coast  Survey,  was  added  to  their  number. 

It  was  found  by  these  commissioners  that  like  many  growing  cities 
situated  on  navigable  waters  with  shoal  margins,  Boston  had  been 
gradually  built  out  into  the  tide  water,  by  the  reclamation  of  these 
margins  for  wharves,  streets  and  buildings,  so  that  the  densely  peopled 
portion  of  the  city  occuijies  now  an  area  about  half  of  which  was  once 
covered  by  the  daily  tides.  This  change  had  produced  a  marked  effect 
upon  the  tidal  currents  of  the  uj^per  harbor.  It  changed  the  line  of  the 
shore  so  as  to  alter  tlie  direction  of  the  currents  in  some  places,  leaving 
former  channels  to  be  slowly  filled  by  deposit  of  suspended  matter, 
while  the  loss  of  the  tidal  prism,  displaced  by  the  filling  of  reclaimed 
margins  had  seriously  diminished  the  volume  and  scouring  force  of  the 
flow  in  the  immediate  vicinity  of  and  below  the  city. 

If  we  draw  a  line  across  from  Deer  Island  to  Point  Allerton,  con- 
necting the  headlands  at  the  mouth  of  the  harbor  (see  Chart,  Plate  VIII), 
we  shall  enclose  an  area  subject  to  tidal  flowage  of  about  forty-five  square 
miles,  with  an  average  tide  of  ten  feet.  Thus  an  enormous  mass  of  water 
passes  these  heiidlands  in  its  flux  and  reflux  every  six  hours.  The  loss  of 
the  tidal  prism  on  the  surface  formei'ly  flowed,  and  novi^  reclaimed  does 
not  sensibly  aff'ect  the  volume  of  water  daily  passing  this  strait,  which  is 
some  three  miles  wide,  but  that  loss  does  materially  affect  the  volume 
flowing  through  the  part  of  the  harbor  above  Castle  Island,  where  the 
deterioration  had  taken  place.  The  volume  of  fresh  water  flowing  into 
the  harbor  is  never  large,  and  the  depth  of  its  channels  is  only  to  be  main- 
tained by  the  tidal  scour.  The  tidal  action,  however,  serves  to  intensify 
the  i^ower  of  the  laud  water  by  damming  it  back  one-half  the  time,  to 
be  delivered  during  the  ebb  with  double  its  average  volume.  Tidal 
currents  also  give  a  definite  resultant  in  one  direction,  not  canceled  by 
the  return  flow,  owing  to  the  configuration  of  the  shores,  which  often 
throw  the  flood  and  ebb  currents  in  diff'erent  paths.  Even  when  follow- 
ing the  same   jjath,  which  is  sometimes  the   case,  the  ebb  is  generally 
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more  efficient  in  scouring,  not  only  from  its  being  reinforced  by  the 
land  water,  but  because  its  course  is  concentrative,  accumiilating  velocity 
as  it  goes,  while  that  of  the  flood  is  dispersive,  losing  velocity  as  it 
scatters  laterally,  over  the  flats  on  either  side  the  channels. 

There  is  one  point,  however,  in  Boston  harbor  where  the  flood  was 
found  to  be  a  stronger  current  than  the  ebb,  viz.,  above  the  Castle 
Island  narrows.  But  before  arriving  at  a  point  opijosite  East  Boston, 
the  flood  current  loses  force  by  lateral  dispersion,  and  the  ebb  is  as  usnal 
the  stronger.  Thus  the  flood  current  being  checked  here,  tended  to 
deposit  suspended  mattei'. 

The  ebb  tide  also,  in  issuing  from  the  strait  between  Boston  and  East 
Boston  is  suddenly  checked  by  several  local  causes,  all  combining  to 
produce  loss  of  velocity  and  consequent  deposits.  Among  these  causes 
are  the  following  :  (a. )  The  large  lateral  expansion  of  the  ebb,  and  con- 
sequent dispersion  over  the  area  between  South  Boston  and  East  Boston. 
[b. )  The  want  of  accord  between  the  ebb  tides  of  the  basins  of  Charles 
and  Mystic  rivers.  The  latter  discharges  most  of  its  tidal  prism  from  a 
near  point,  and  having  but  little  area  to  deliver  water  from  after  half 
ebb,  owing  to  its  extensive  flats  left  bare  at  that  time,  gives  most  of  its 
water  to  the  harbor  early  in  the  ebb  flow,  and  has  but  little  left  for 
the  latter  half  of  the  ebb.  The  basin  of  Charles  river  however  is  further 
up  stream  than  that  of  the  Mystic,  while  the  numerous  pile  bridges 
which  cross  between  Boston  and  its  northern  suburbs  oppose  by  over 
eleven  thousand  piles  the  flow  of  the  current  to  a  marked  extent.  The 
result  is,  that  the  ebb  from  the  Charles  runs  with  most  force  after  that 
from  the  Mystic  is  mostly  expended,  and  eontiniies  to  run  with  force 
through  these  bridges  for  some  time  after  the  flood  current  has  entered 
the  upper  harbor.  Thus  these  two  important  basins  lose  much  of  their 
efficiency  for  tidal  scour  by  lack  of  unity  in  their  action,  (c.)  Another, 
though  a  minor  agent,  in  checking  the  ebb  at  this  point  is  found  in  the 
direction  of  the  ebb  from  the  south  bay  which  debouches  into  the  upjaer 
harbor  by  Fort  Point  channel  in  a  direction  almost  diametrically  opposed 
to  that  of  the  ebb  from  the  northern  basins,  serving  thereby  not  only  to 
cancel  its  own  momentum  but  to  check  as  far  as  it  may  that  of  the  other 
currents. 

Reasoning  from  the  above  state  of  things  which  was  deduced  from 
their  surveys,  the  Board  of  Special  Commissioners  recommended  at  an 
early  day  the  enclosure  of  the  South  Boston  flats  by  a  wall  extending 
along  the  soiitherly  side  of  the  main  shii)  channel  towards  Castle  Island, 
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and  connecting  with  tlie  east  side  of  Fort  Point  channel  by  an  easy 
curve,  while  the  western  side  of  this  channel  near  its  junction  with  the 
harbor  was  to  be  built  out  in  a  parallel  curve,  as  shown  on  Plate  IX.  By 
this  means  the  ebb  current  from  the  south  bay  would  be  prevented  from 
wasting  its  force  and  that  of  the  northern  channels,  and  would  be  led  by 
the  curved  bank  on  its  west  side  to  follow  the  line  of  its  eastern  side,  along 
the  new  wall,  till  its  direction  should  essentially  contribute  to,  rather 
than  check,  the  velocity  and  momentum  of  the  ebb  in  the  ship  channel. 
Moreover,  the  walling  in  and  reclamation  of  this  extensive  area  of  fiats  on 
the  South  Boston  side  would  so  far  prevent  the  former  dispersion  of  the 
ebb,  as  to  add  vastly  to  its  scouring  power  in  the  ship  channel.  The  con- 
struction of  a  similar  wall  along  the  north  side  of  the  ship  channel  from 
East  Boston  towards  Governor's  Island  was  also  discussed,  passing  along 
where  Bird  Island  had  formerly  existed,  and  thus  serving  to  prevent  the 
undue  dispersion  of  the  ebb  tide  on  this  side.  The  efficiency  of  such  a 
remedial  measure  was  not  doubted,  but  there  was  too  little  prosj^ect  of 
recoiiping  the  cost  of  such  a  work,  by  the  value  of  the  lands  reclaimed 
for  commercial  uses,  to  justify  such  an  undertaking.  The  prosjiect  of  a 
demand  for  such  lands  on  the  South  Boston  side  Avas,  however,  con- 
sidered sufficient  to  warrant  the  enterprise,  and  in  1868  a  tract  of  some 
twenty-five  acres  on  the  east  side  of  Fort  Point  channel  was  sold  to  the 
Boston  Wharf  Company  to  be  walled  in  and  filled.  The  Harbor  Com- 
missioners being  authorized  also,  made  contracts  in  1868  on  behalf  of 
the  State  for  walling  in  and  filling  the  portion  of  these  flats  north  of 
those  sold  to  the  Boston  Wharf  Company,  nearest  to  and  along  Fort 
Point  channel,  for  a  compensation  in  a  pai't  of  reclaimed  lands  ;  but  as 
the  terms  of  the  contract  did  not  meet  the  approval  of  the  Executive, 
the  suliject  Avas  dropped.  In  the  year  1873,  an  appropriation  of  money 
having  been  made  for  the  purpose  by  the  Legislature,  the  Harbor  Com- 
missioners made  contracts  for  the  building  of  about  720  feet  of  light 
wall  on  j)iles  along  the  east  side  of  Fort  Point  channel  from  the  lands 
filled  by  the  Boston  Wharf  Company,  northward — and  thence  for  the 
building  of  a  heavy  sea  wall  around  the  curve  as  shown  on  Plate  IX,  to 
the  boundary  line  of  flats  sold  to  the  Boston  and  Albany  Railroad  Com- 
pany, with  the  filling  in  of  about  twenty-five  acres  of  land  enclosed. 

This  last-named  corj)oration,  having  purchased  a  tract  of  about  50 
acres  on  the  easterly  side  of  the  above,  agreed  to  wall  in  the  same  along 
the  front  or  harbor  line  and  fill  in  behind  the  wall  the  whole  of  said  50 
acres,  reserving  such  portions  as  might  be  needed  for  docks  or  tidal 
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basins  for  tlie  use  of  vessels.  The  filling  and  walliug  was  to  jDrogress  in 
connection  with  the  improvement  of  the  25  acre  tract  improved  by  the 
•State,  and  contracts  were  made  by  the  railroad  comjDany  with  the  same 
parties  who  contracted  for  the  work  done  by  the  Harbor  Commissioners 
at  similar  prices  and  subject  to  similar  plans  and  specifications.  The 
work  then  contracted  for  has  made  some  progress  and  the  work  of  im- 
proving the  State's  tract  of  25  acres  has  been  finished.  That  under- 
taken by  the  railroad  company  is  still  in  progress.  The  material  for  fill- 
ing up  to  grade  13  above  mean  low  water  was  to  be  of  clay  taken  from 
the  harbor  between  the  Avails  and  the  main  ship  channel,  by  dredging  to 
a  level  of  23  feet  below  mean  low  water.  Three  feet  of  clean  gravel 
ballast  was  to  be,  and  has  been  placed  on  this  clay,  raising  the  improved 
tracts  to  a  level  of  16  feet  above  mean  low  water,  or  2  feet  above  high 
water  of  extreme  spring  tides. 

The  following  si^ecifications  describe  the  work  done  by  the  State  : 

Light  Sea-WaijL. 

Section  1.  Said  wall  shall  be  built  in  such  location  as  shall  be  marked 
out  by  the  Engineer  of  the  Board  of  Harbor  Commissioners,  previous 
to  the  commencement  of  operations  by  the  contractor  ;  and  the  con- 
tractor shall  preserve  the  location  of  said  line  by  driving  piles  to  mark 
the  location  of  the  wall  j)ermanently. 

The  trench  shall  be  dredged  for  the  wall,  under  the  direction  of  said 
Engineer,  to  a  depth  of  two  feet  below  low  water  spring  tides. 

The  foundation  i^iles  to  support  the  wall  shall  occupy  a  space  nine 
feet  wide,  having  five  piles  in  parallel  rows,  said  rows  to  be  two  and  one- 
half  feet  distant  from  centre  to  centre  of  each  row. 

All  piles  shall  be  driven  into  the  hard  clay  stratum  to  the  satisfaction 
of  the  Engineer  of  the  Harbor  Commissioners.  The  piles  to  be  in  diam- 
eter not  less  than  ten  inches  at  low-water  mark  spring  tides,  at  which 
point  they  are  to  be  sawed  off  level  with  each  other. 

On  the  top  of  the  piles  are  to  be  spiked  two  layers  of  spi'uce  plank 
twelve  inches  wide  and  three  inches  thick,  lying  at  right  angles  with  each 
other.  The  space  between  the  heads  of  the  i^iles  for  two  feet  in  depth 
to  be  filled  and  well  rammed  with  stone  chip  ballast  or  oyster  shells. 

The  wall  from  low  water  of  spring  tides  to  the  top  of  the  coping 
:stones  or  grade  sixteen,  shall  be  eighteen  feet  in  height,  with  a  true 
batter  front  and  rear.  The  wall  shall  be  nine  feet  wide  at  the  bottom, 
five  feet  wide  at  the  top,  including  an  offset  of  one  foot  for  a  resting 
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place  for  cap  to  siipport  the  ends  of  platform  joists  ;  to  be  constnicted 
of  good  quality  granite  rubble  wall  stones,  from  eighteen  inches  to  two 
feet  thick,  with  sufficient  headers  to  secure  the  stability  of  the  wall,  well 
bonded  and  pinned  throughout. 

The  rear  of  the  wall  shall  be  ballasted  with  oyster  shells,  from  the 
back  of  the  wall  to  a  line  commencing  at  a  point  two  feet  in  rear  of  the 
back  of  the  top  of  the  wall,  and  extending  in  a  slope  of  forty-five  de- 
grees to  the  base  of  the  wall,  as  shown  on  annexed  plan  marked  X. 

At  the  end  of  the  wall  a  flank  wall  shall  be  built  to  connect  this  wall 
with  the  adjoining  heavy  sea-wall,  according  to  the  direction  of  the  En- 
gineer of  the  Board  of  Harbor  Commissioners. 

This  wall  to  be  commenced  within  thirty  days  after  notice  that  the 
location  of  the  wall  is  made,  and  the  work  to  be  lirosecuted  without 
delay  to  its  completion,  and  completed  on  or  before  the  first  day  of  May, 
eighteen  hundred  and  seventy-four. 

Heavy  Sea- Wall. 

Sec.  2.  The  base  of  this  sea-wall  shall  be  built  on  a  line  parallel  to 
said  modified  line,  and  one  foot  within  the  same  as  aforesaid  and  in  such 
location  as  shall  be  marked  out  by  the  Engineer  of  the  Board  of  Harbor 
Commissioners,  previous  to  the  commencement  of  operations  by  the  con- 
tractor ;  and  the  contractor  shall  preserve  the  location  of  said  line  by 
driving  piles  to  mark  the  location  of  the  wall  permanently.  This  sea- 
wall shall  be  built  in  accordance  with  the  plan  marked  XI,  hereto  an- 
nexed. 

The  trench  for  this  sea-wall  shall  be  excavated  to  the  satisfaction 
of  said  Engineer,  forty-five  feet  in  width  at  the  bottom,  which  shall  be 
as  nearly  as  practicable  a  level  surface.  The  depth  of  the  trench  shall 
be  at  least  twenty-three  feet  below  mean  low  water  and  always  to  hard 
bottom. 

This  trench  is  to  be  filled  with  broken  quarry  stones  of  mixed  sizes, 
none  less  than  seventy-five  pounds  weight,  thrown  in  and  deposited  in 
regular  layers  of  not  over  four  feet  each  in  depth,  and  each  layer  is  to 
be  placed  compactly  by  divers  with  bars  before  depositing  the  next 
layer. 

This  filling  is  to  be  forty -five  feet  in  width  at  the  bottom  and  for  the 
lower  three  feet  of  its  depth,  thence  sloping  inward  on  each  side  with  a 
slope  of  one  and  a  half  horizontal  to  one  vertical  for  a  further  depth  of 
nine  feet,  where,  at  a  level  of  eleven  feet  below  mean  low  water  it  is  to 
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be  eighteen  feet  in  widtli.  The  filling  is  to  be  levelled  up  here  with 
smaller  chips  of  qnariy  stone  to  receive  the  wall,  and  the  outer  or  harbor 
slope  is  to  have  the  interstices  well  filled  with  similar  chips. 

The  wall  to  the  height  of  one  foot  below  low  water  shall  lie  built  in 
quarr}^  face  dimension  stone  of  granite,  laid  in  courses  of  two  feet  rise 
each,  by  the  aid  of  submarine  divers.  The  courses  shall  be  laid  alter- 
nately, entirely  with  headers  and  stretchers,  the  bottom  or  first  course 
being  headers.  Each  stone  shall  be  at  least  four  feet,  and  not  more  than 
ten  feet  long,  at  least  eighteen  inches  wide,  and  exactly  two  feet  rise, 
fitted  to  one  inch  joints,  square  ends  and  out  of  wind. 

The  wall  shall  be  compactly  laid  in  a  substantial  and  workmanlike 
manner,  with  fair  and  close  outer  face.  Stones  shall  be  laid  so  as  to 
break  joints  everywhere,  with  good  and  sufficient  bearing  ripon  the  beds 
without  pinners. 

The  base  of  the  wall  shall  be  fourteen  feet.  The  height  of  the  wall 
to  one  foot  below  mean  low  water,  ten  feet,  and  the  thickness  of  the  wall 
at  top,  eleven  feet  four  inches. 

The  wall  from  one  foot  below  mean  low  water  to  the  top  of  the  coping 
stones,  or  grade  sixteen,  shall  be  laid  with  dimension  stone,  in  cement. 
The  courses  shall  be  laid  with  headers  and  stretchers,  with  not  over  ten 
feet  interval  between  the  headers,  and  have  two  feet  rise,  with  the  excep- 
tion of  the  coping  course,  which  shall  have  a  rise  of  three  feet,  and  be 
entirely  of  headers.  The  stretchers  shall  be  at  least  four  feet  long,  and 
the  headers  shall  not  be  less  than  six  feet  long  from  face  inwardly.  The 
batter  of  each  face  shall  be  two  inches  to  the  foot. 

The  base  of  this  wall  shall  be  nine  feet  eight  inches  ;  the  height, 
seventeen  feet ;  and  the  thickness  at  the  top  of  the  wall,  five  feet. 

The  back  of  the  whole  of  the  heavy  wall  from  top  to  bottom  shall  be 
ballasted  with  clean  gravel,  cobbles  or  oyster  shells,  resting  at  a  slojoe  as 
steep  as  they  will  stand,  or  forty-five  degrees,  and  tapering  to  nothing  at 
the  top  of  the  wall. 

This  wall  shall  be  commenced  by  the  first  day  of  May,  1874,  and  fin- 
ished by  the  first  day  of  August,  1875. 

Sec.  3.  Spaces  in  said  walls  for  docks,  or  i^urpose  of  filling  by  scows, 
or  any  other  purpose,  may  at  any  time  be  reserved,  permanently  or  tem- 
porarily, by  said  Board  of  Harbor  Commissioners,  upon  notice  before 
the  structure  of  the  wall  is  begun  in  any  such  sjmce,  and  where  such 
space  is  permanently  reserved,  it  shall  be  filled  by  a  strong  bulk-head,  to 
the  satisfaction  of  the  said  Engineer. 
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FiLIjING. 

Sec.  4.  The  parcel  of  flats  to  be  filled  is  situated  at  tlie  easterly  junc- 
tion of  tlie  main  and  Fort  Point  channels  in  Boston  harbor,  bounded 
southwest  by  the  flats  of  the  Boston  Wharf  Company,  and  southeast  by 
flats  sold  to  the  Boston  &  Albany  Kailroad  Company,  and  containing 
about  a  million  square  feet,  more  or  less. 

The  filling  must  be  up  to  grade  sixteen.  Up  to  grade  thirteen  the 
filling  must  be  with  materials  dredged  from  the  mouth  of  Fort  Point 
channel  below  the  line  of  Oliver  street  extended,  and  from  that  part  of 
Boston  Harbor  represented  by  the  space  colored  red  on  the  "Plan  for 
the  occupation  of  flats  owned  by  the  Commonwealth  in  Boston  Harbor," 
appended  to  the  sixth  annual  report  of  the  Board  of  Harbor  Commis- 
sioners, and  other  p  jrtions  of  Boston  Harbor  above  a  line  extended  from 
Buoy  No.  11,  at  right  angles  with  the  line  of  said  sea-wall,  on  the  main 
channel.  Such  portions  of  Boston  Harbor  are  to  be  dredged  to  a  uni- 
form depth  of  twenty-three  feet  at  mean  low  water.  Such  portion  of 
Fort  Point  channel  is  to  be  so  dredged  that  the  bottom  sliall  uniformly 
and  gradually  sloj)e  from  a  depth  of  twelve  feet  at  mean  low  water  at  the 
line  of  Oliver  street  to  a  depth  of  twenty-three  feet  at  the  southwest 
border  of  the  area  represented  by  the  space  colored  red  on  said  plan. 
The  residue  of  the  filling  to  gTade  sixteen  must  be  with  good  clean 
gravel.  The  whole  filling  to  be  finished  on  or  before  October  1st,  1876. 
Where  the  said  sea-walls  to  be  built  around  said  flats  shall  not  be  built 
so  as  to  furnish  the  requisite  protection  to  the  filling,  temporary  bulk- 
heads must  be  built  for  that  purj)ose,  as  required  by  the  Board  of  Har- 
bor Commissioners.  Spaces  required  for  docks  may  be  reserved  at  any 
time  from  filling  by  the  Board  of  Harbor  Commissioners. 

Location  and  Consteuction  or  Dock. 

It  was  concluded  during  the  progress  of  the  work  to  construct  a 
dock  or  tidal  basin  on  the  portion  put  under  conti'act,  the  location  and 
size  of  which  is  shewn  on  Plate  IX.  This  plate  shows  by  a  heavy  black 
line  the  location  of  the  walls  constructed  up  to  this  date  along  Fort 
Point  Channel  and  around  to  the  second  dock. 

The  wall  around  the  docks  is  classed  as  "Light  Wall,"  being  of  the 
same  construction  as  that  on  the  east  side  of  Fort  Point  channel.  It  is 
founded  on  five  rows  of  piles  driven  from  20  to  30  feet  into  the  bottom, 
about  10  feet  of  which  is  a  stifi'  clay,  aff'ording  a  satisfactory  foundation 
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for  vertical  loads,  but  the  superficial  part  of  the  deposit  was  generally 
quite  soft,  affording  but  little  lateral  support.  A  section  of  this  wall  is 
shown  on  Plate  X.  The  timber  platform  shown  on  this  section  has  not 
yet  been  constructed.  This  structure  is  intended  to  provide  width  for 
the  slope  of  the  clay  between  the  deep  water  of  the  berths  in  its  front 
and  the  top  of  the  piling  under  the  wall,  which  is  only  two  feet  below 
low  Avater.  If  the  piles  were  exposed  to  the  water,  they  Avould  speedily 
be  destroyed  by  worms. 

Since  this  slope  near  the  mouth  of  the  docks  is  more  exposed  to  the 
erosion  of  waA'es  and  currents  than  elsewhere  on  the  light  walls,  the  clay 
could  not  be  depended  upon  here  to  stand  at  so  steep  a  slope  as  else- 
where, so  a  greater  width  is  here  required  for  the  platform.  A  width  of 
20  feet  from  the  bottom  of  the  wall  is  provided  in  the  interior  part  of 
the  dock,  and  as  it  is  desirable  to  keep  the  front  line  of  the  platform 
straight,  or,  at  any  rate,  not  to  allow  it  to  encroach  upon  the  width  of 
the  dock,  the  walls  are  deflected  back  near  its  mouth,  so  as  to  allow  a 
width  of  40  feet  at  the  outer  ends.  If  the  platform  had  been  here 
limited  to  a  width  of  20  feet,  and  the  dock  walls  built  straight,  it 
would  have  been  necessary  to  start  the  foundation  of  these  walls  several 
feet  deeper  ;  and  as  the  stone  could  not  have  been  so  laid  without  sub- 
marine divers,  such  a  plan  would  have  largely  increased  the  cost,  without 
adding  to  the  stability  of  the  permanent  work.  The  greater  width  of 
the  j)latform  is  an  increase  of  the  amount  of  work  siibject  to  renewals, 
but  does  not  affect  the  permanent  portions  of  the  Avorks,  except  as  here 
stated.  The  walls  around  this  dock  were  constructed  in  1876,  the  foun- 
dations having  been  largely  prepared  during  the  previous  winter. 

In  Table  A  will  be  found  a  record  of  the  actual  settlement  of  these 
light  walls,  averaging  about  2  inches  up  to  this  date,  l^eiug  chiefly  due  to 
the  indentation  of  the  bottom  stone  into  the  plank,  and  the  springing  of 
the  plank  to  get  a  complete  bearing  on  each  pile  head. 

Owing  to  the  rapid  filling  of  certain  i^ortions  of  the  space  during  the 
last  season,  slight  forward  movements  took  place,  as  follows  :  x4t  a  point 
about  200  feet  from  the  southwest  corner  of  the  dock  it  moved  forward 
6  inches.  At  a  point  on  the  east  side  of  the  dock,  about  25  feet  from  its 
junction  with  the  heavy  wall,  it  moved  forward  6  inches.  This  motion 
did  not  appear  to  continue  in  any  case  beyond  the  period  during  Avhich 
the  semi-fluid  clay  filling  was  expelling  the  water  with  which  it  had 
been  mixed  by  handling,  and  Avhich  floated  out  of  it  shortly  after  being 
dumped. 
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The  Fort  Point  channel  wall  was  eontinned  with  the  same  light  sec- 
tion till  it  reached  a  dejoth  of  some  19  feet  of  water  at  low  water  in  the 
channel  which  was  dredged  along  its  front,  with  an  increasing  depth  as 
it  approached  the  open  harbor.  No  greater  depth  than  this  could  be 
safely  maintained  along  the  front  of  a  wall  of  this  light  class,  imless 
greater  width  were  given  for  the  timber  platform,  to  provide  for  the 
slope  of  the  bottom  upward  from  the  channel  towards  the  wall,  to  cover 
the  piles.  For  this  reason,  and  for  others  connected  with  the  tidal  cur- 
rents, the  point  indicated  by  the  offset  on  the  plan  (Plate  IX)  was  selected 
for  beginning  the  heavy  wall.  The  light  wall  was  set  back  25  feet  at  the 
bottom  from  the  harbor  line,  to  give  room  for  the  platform  and  the  sloj^e 
under  it,  but  the  heavy  wall,  being  founded  23  feet  below  low  water,  is 
built  on  the  harbor  line. 

This  light  wall  on  Fort  Point  channel  was  begun  in  March,  1874,  the 
foundations  having  been  partly  prepared  during  the  j^revious  winter.  It 
was  completed  in  the  autumn  of  the  same  year,  except  for  a  short  dis- 
tance where  it  connects  with  the  heavy  wall  beyond  by  a  sf)ur  running 
out  to  the  harbor  line. 

The  settlement  of  this  light  wall  is  recorded  in  Table  A.  Early  after 
its  completion  this  wall  was  filled  up  to  grade  13  with  clay,  and  a  large 
pile  was  left  temporarily  at  a  higher  level  near  the  beginning  of  the 
curve.  Directly  afterwards  a  forward  movement  of  the  wall  was  ob- 
served, about  a  foot  in  amoimt,  and  tapering  out  in  about  200  feet  of 
length  each  way.  The  pile  of  clay  was  soon  removed  by  spreading  on  to 
adjacent  spaces,  and  no  further  movement  has  been  detected  here  since. 
The  coping  had  been  considerably  disturbed  by  the  hoisting  of  clay  over 
it,  and  was  reset  in  1877,  on  a  straight  line,  leaving  the  offset  below  the 
cojung  of  slightly  irregular  width. 

A  tabular  statement  of  the  results  of  the  pile  driving  for  this  wall  and 
the  dock  waU  is  appended,  which  may  serve  as  a  criterion  from  which  to 
judge  of  the  character  of  the  material,  and  to  compare  with  similar 
material  in  other  works  to  be  constructed.     See  Tables  •/  and  K. 

The  Heavy  Sea  Wall  west  of  the  Docks. 

From  the  end  of  this  light  wall,  for  a  distance  of  803  feet  along  the 
coping,  around  the  curve  to  the  first  dock,  we  have  a  heavy  sea  wall,  a 
section  of  which  is  shown  on  Plate  XI. 

The  plan  originally  proposed  for  this  wall  is  shown  on  Plate  XII, 
except  tliat  no  ballast  was  tiien  provided  behind   or   under  it.     It  was 
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approved  in  18G8  by  Major- General  J.  G.  Foster,  George  R.  Baldwin, 
James  B.  Francis,  and  T.  Willis  Pratt,  four  engineers  of  high  standing. 
It  Tvas  the  plan  contemplated  in  the  contracts  above  alluded  to  as  having* 
been  made  at  that  time,  which  were  not  approved  by  the  Executive. 

Upon  subsequently  examining  the  character  of  the  foundation  on 
which  this  waU  west  of  the  dock  was  to  rest,  it  was  found  that  some  parts 
of  the  clay  bed  were  much  softer  than  others,  to  such  a  degree  that  it 
was  feared  an  unequal  settlement  might  occiir  if  this  j^lan  were  to  be 
carried  out,  so  as  perhaps  to  endanger  its  stability.  Moreover,  the 
slippery  nature  of  the  clay  bottom  might  lead  to  its  being  pushed  bodily 
forward  when  loaded  by  the  filling  behind  it.  It  was  found  that  a  wall 
built  on  a  foundation  of  broken  stone,  as  shown  on  Plate  XI  would  cost 
rather  less  than  if  built  entirely  of  dimension-stone,  while  the  inspection 
necessary  to  secure  good  work  would  also  be  less  difficult.  Moreover, 
though  the  weight  of  this  broken  stone  would  force  the  lower  portions 
into  the  clay  unequally,  because  of  its  unequal  softness,  thereby  causing 
an  unequal  settlement  when  first  applied,  this  unequal  settlement  would, 
it  was  thought,  reach  its  limits  before  imposing  the  weight  of  the  dimen- 
sion-stone, so  it  could  be  levelled  up  after  such  settlement,  xlfter  con- 
sultation with  Mr.  James  B.  Francis,  C.  E.,  this  plan  with  the  broken 
stone  base  was  therefore  adojited  for  the  portion  of  the  wall  under  con- 
sideration. 

As  the  foundation  of  this  wall  is  at  the  same  level  with  the  harbor 
floor  in  its  front,  it  might  be  exposed  to  undermining  if  any  scour  were 
to  occur  along  its  base.  But  repeated  observations  have  shown  that 
there  is  a  slight  but  constant  accretion  of  mud  here,  so  that  we  only  had 
to  be  careful  to  get  every  part  of  the  foundation  down  to  the  proposed 
gi'ade. 

This  work  was  begun  by  depositing  the  broken  stone  after  dredging  the 
trench,  in  April,  1874,  and  nearly  the  whole  mass,  or  about  12,000  cubic 
yards,  was  deposited  during  that  season,  and  partly  levelled  up  after 
waiting  for  its  settlement.  Large  stones  were  deposited  at  first,  and 
their  interstices  filled  by  smaller  ones  placed  roughly  by  divers  as  speci- 
fied. It  was  found  that  some  inconvenience  arose  in  complying  with 
the  smaller  limit  of  75  lbs.  weight  named  in  the  specifications,  and  this 
point  was  waived,  stones  being  received  of  any  size,  provided  they  were 
of  such  a  mixture  of  sizes  as  to  secure  compactness. 

This  work  received  the  repeated  inspection  of  divers  emjiloyed  by 
the  State,  as  well  as  the  occasional  personal  inspection  of  the  assistant 
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■engineer  in  charge,  Mr.  Joseph  O,  Osgood,  whose  reports  were  far  more 
reliable  and  intelligent  than  those  of  ordinary  divers.  The  success  of 
the  structure  is  largely  due  to  these  precautions,  without  which  such  a 
foundation  would  be  likely  to  give  much  trouble  by  subsequent  unequal 
settling. 

Previous  to  beginning  the  work  of  laying  the  dimension-stone,  this 
foundation  was  carefuUy  levelled  uy>  to  the  proper  grade,  as  follows  : 
Before  dejiositing  the  broken  stones,  guide  piles  had  been  driven  in  the 
line  of  the  U2jper  angles  of  the  slopes  of  the  foundation,  both  outside 
and  inside  the  future  wall.  These  were  driven  in  pairs,  about  30  feet 
ajjart  between  pairs,  the  inner  one  of  each  pair  being  located  by  trian- 
gulation  and  the  outer  one  measured  out  from  it.  A  line  of  planks,  run- 
ning lengthwise  the  wall,  was  spiked  to  each  row,  so  the  ujiper  edge  of 
the  plank  should  be  at  the  level  of  11  feet  below  low  water,  the  grade  for 
levelling  this  material.  Ii-on  straight-edges,  some  20  feet  long,  were 
then  laid  across  from  plank  to  i:)Iank,  and  the  stone  chips  applied  to 
bring  the  material  up  to  the  plane  thus  indicated.  The  front  row  of 
plank  was  also  used  to  supi^ort  a  straight-edge  resting  on  the  front 
slope,  with  a  triangle  on  it  of  the  proper  angle,  carrying  a  level  on  its 
Hipper  edge,  for  dressing  this  slope  to  the  prescribed  plane.  It  was  of 
course  important  to  fill  all  hollows  in  this  slope  which  might  lead  to  the 
slipping  out  of  the  material  from  under  the  wall,  and  all  angular  stones 
projecting  beyond  the  plane  so  as  to  threaten  injury  to  vessels,  were 
«ither  taken  out  or  fiUed  around  with  small  stones. 

Alignment  of  the  Heavy  Walls. 
Since  these  walls  were  located  about  a  quarter  of  a  mile  from  to-ra 
jinna,  and  were  to  occupy  a  definite  line  prescribed  by  the  Harbor  Com- 
missioners on  curves  of  908i  and  2368^  feet  radius,  considerable  pains 
were  required  to  set  out  and  maintain  these  lines  during  the  construe 
tion.  The  surface,  when  the  work  began,  was  nearly  bare  at  low  water, 
but  covered  some  twelve  feet  at  high  water,  and  was  to  be  dredged  some 
20  feet  deeper.  The  following  method  was  adopted.  Clusters  of  piles, 
four  or  more  in  a  place,  were  driven  about  one  hundred  feet  apart,  and 
fifty  feet  back  from  the  line  of  the  wall,  so  as  to  be  out  of  the  way  of  the 
foundation  trench.  The  piles  in  each  chister  were  drawn  together  by 
bolts  at  the  top.  One  of  these  clusters,  or  dolphins,  was  located  at  the 
beginning  of  the  curve  of  908i  feet  radius  and  one  at  its  centre,  built 
larger  and  firmer  than  the  others,  and  carrying  on  its  toi^  a  small  plat- 


29 

form  on  which  a  transit  could  be  placed.  The  transit  at  the  centre  of 
the  curve  measured  off  the  angles  between  radial  lines  marked  on  those 
dolphins  around  the  circumference,  and  another  transit  on  the  dolphin 
at  the  beginning  of  the  curve,  starting  from  a  tangent  laid  off  in  succes- 
sion half  the  corresponding  central  angles  intersecting  the  radial  lines 
previously  established;  these  intersections  thus  became  successive  points 
in  a  circle  fifty  feet  inside  the  line  of  the  wall  and  concentric  with  it. 
Whenever  a  line  was  needed  on  the  wall,  the  measurement  of  fifty  feet  in 
range  with  the  centre,  from  the  points  established  on  any  two  of  the  dol- 
phins, would  readily  give  it,  the  lengths  of  the  chords  between  the  dol- 
phins always  defining  the  length  of  the  corresponding  chords  on  the 
wall  line.  These  dolphins  were  frequently  knocked  about  by  tug-boats 
and  scows,  and  dui'ing  the  first  winter  were  badly  treated  by  the  ice,  re- 
quiring fi'equent  renewals  of  the  points  on  them,  as  well  as  reneAvals  and 
rejjairs  of  the  dolphins  themselves. 

The  line  for  the  dimension  stones  was  given  as  follows  :  Points  were 
made  upon  temporary  skeleton  stages,  spiked  to  the  guide  piles  opisosite 
each  dolphin  by  measuring  out  from  the  same.  A  heavy  lolummet  was 
swung  from  these  points  on  to  the  foundation  below,  where  a  diver  stood 
ready  to  place  a  heavy  stone  and  drill  a  hole  in  it  for  a  bolt  under  the 
plummet.  A  line  was  then  drawn  on  the  chord  between  any  two  of  these 
bolts,  and  the  appropriate  ordinates  set  off  for  intermediate  j)oints  by 
the  divei",  according  to  a  list  furnished  him,  whenever  he  wished  to 
align  the  face  stones. 

The  successive  courses  were  laid  by  making  offsets  from  the  one  last 
laid,  verified  occasionally  by  reference  to  the  dolphins. 

During  the  month  of  August,  1874,  the  work  of  laying  the  dimen- 
sion stone  began,  and  progressed,  whenever  the  weather  allowed,  during 
the  autumn,  though  only  some  1,100  cubic  yards  were  laid  before  the 
inclemency  of  the  weather  caused  a  suspension  for  the  winter. 

In  the  beginning  of  this  work  it  was  attempted  to  use  stone  of  taper- 
ing widths  in  the  stretcher  courses,  which  was  not  objected  to  if  other 
stone  were  selected  or  shaped  to  conform  roughly  to  their  shape  when 
laid  alongside  of  them.  But  as  the  water  was  rarely  clear  enough  for 
any  length  of  time  to  allow  the  divers  to  see  objects  over  two  feet  from 
their  eyes,  this  adaptation  of  one  stone  in  hand  to  another  already  laid 
was  found  to  be  impracticable,  without  greater  cost  than  to  prej)are  them 
with  parallel  sides.  This  method  was,  therefore,  pursued  by  the  con- 
ti'actor  after  awhile,  except  for  the  courses  consisting  entirely  of  headers, 
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which  were  got  out  iu  pairs  or  single  stones,  and  coukl  more  readily  be 
laid  heads  to  points  than  the  courses  consisting  entirely  of  stretchers. 
In  order  to  ensure  proper  bearings,  it  was  found  necessary  to  gauge  the 
thickness  of  every  stone  before  lowering  it  into  the  water. 

The  attainment  of  "one  inch  joints,"  and  "good  bearings  without 
pinners,"  required  by  the  specification,  occasioned  much  trouble  and  con- 
stant vigilance  on  the  part  of  the  inspector,  as  well  as  greater  cost  in  fit- 
ting on  the  part  of  the  contractors  than  they  had  anticipated.  It  occurred 
here,  as  in  other  places  where  stone  are  laid  in  uniform  courses,  that 
bunches  were  often  found  on  the  top  of  a  course  already  laid,  arising  from 
slight  excess  of  thickness  or  a  slightly  winding  surface.  Such  bunches 
are  readily  detected,  and  readily  pointed  down  after  laying,  when  laying 
stone  above  water,  but  not  so  in  submarine  work.  If  allowed  to  remain, 
the  next  stone  above,  which  may  be  ten  feet  long,  is  tilted  up  an  inch  at 
the  end  by  a  bunch  of  half  an  inch  under  its  middle,  and  the  error  goes  on 
increasing  as  we  go  up,  for  the  difficulty  of  finding  such  places  in  miiddy 
water  prevents  selecting  thinner  stone  to  lie  over  them.  The  inevitable 
result  would  be  the  breaking  of  all  long  stones.  Even  when  the  bearings 
are  good  for  the  whole  length  of  a  stone,  the  slack  places  in  its  bed,  coming- 
over  similar  slack  places  of  half  an  inch  depth  in  the  build  of  the  lower 
stone,  will  make  plenty  of  joints  a  full  inch  oj)en,  so  it  becomes  very 
necessary  to  look  out  for  the  winding  stones  and  those  having  bunches, 
however  small  beyond  the  planes  of  bearing,  before  they  are  loAvered  into 
the  water,  for  it  is  too  costly  to  bring  them  up  for  refitting. 

The  completion  of  this  work  occupied  the  Avhole  of  the  years  1875 
and  1876.  It  is  now  a  year  since  it  was  loaded  by  the  fiUing,  and  its  sta- 
bility has  been  quite  satisfactory.  The  actual  settlement  of  its  lower 
coiirse  along  its  whole  length,  and  its  progress  in  detail,  is  given  in  the 
tables  B  and  C,  together  with  the  present  level  of  the  top  of  cojiing 
above  mean  low  water.  The  settling  of  the  granite  wall  has  taken  place 
with  such  uniformity  that  scarce  any  cracks  have  been  formed  in  the 
cemented  joints  of  the  coining.  The  largest  crack  had  opened  about 
one-fourth  of  an  inch  over  a  year  ago  at  the  top.  It  was  repointed  in 
1876,  and  subsequently  opened  one-eighth  of  an  inch.  It  has  been  again 
Ijointed  in  1877,  and  now  shows  nearly  one-sixteenth  of  an  inch  opening. 
The  total  motion  is  therefore  less  than  half  an  inch,  and  appears  to  be 
decreasing.  No  forward  or  lateral  movement  has  been  detected  in  this 
wall,  except  the  very  slight  one  indicated  by  this  crack.  Not  a  stone  has 
been  broken  by  this  movement. 
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This  wall,  as  now  built,  is  certainly  capable  of  resisting  a  miicli 
greater  thrust,  without  sliding  forward  on  its  l)ed,  than  if  the  dimension- 
stone  had  been  laid  directly  on  the  clay,  for  its  base  is  composed  of  large 
angular  stones,  imbedded  in  the  clay  by  the  superincumbent  load,  while 
it  covers  by  its  base  more  than  double  the  width  of  a  Avail  built  as  at  first 
proposed,  entirely  of  block-stone  from  the  bottom.  In  constructing  it, 
the  broken  stone,  as  above  described,  were  mostly  deposited  in  1874,  and 
■were  allowed  to  remain  till  the  following  year  before  proceeding  with  the 
dimension-stone  above.  In  fact,  only  1,200  cubic  yards  of  the  latter  were 
laid  prior  to  April,  1875.  The  uneqiTal  settlement  of  the  broken  stone 
actually  taking  place  on  the  different  qualities  of  material,  really  caused 
no  practical  inconvenience,  for  this  work  was  levelled  up  after  such  un- 
equal settlement  had  nearly  reached  its  limits. 

Heavy  Wall  East  of  the  Dock. 
In  providing  for  the  strip  of  heavy  wall  along  the  harbor-line  east  of 
the  dock  on  the  flats  belonging  to  the  State,  and  between  this  and  the 
dock  on  the  flats  of  the  Boston  &  Albany  Kailroad  Company,  the  same 
reasons  did  not  apjjear  to  exist  for  the  base  of  broken  stone  twelve  feet 
high  which  had  existed  on  the  portion  described  above,  west  of  the  dock. 
Between  the  two  docks  the  foundation  was  quite  uniform  in  texture, 
giving  less  reason  than  further  west  "for  unequal  settlement,  while  the 
conditions  of  the  back  filling  were  such  as  to  impose  a  lighter  load  i^er 
linear  foot  of  the  whole  work,  for  this  filling  was  only  to  extend  against 
the  central  portion  of  its  length,  156  feet  only  being  filled  out  of  a  total 
length  of  about  180  feet,  the  dock  walls  being  connected  with  it  about 
32  feet  back  from  its  ends.  Still  another  reason  ajjpeared  for  adhering 
to  the  principal  features  of  the  original  plan  at  this  place,  viz.,  the 
greater  exposure  here  existing  to  the  erosive  effect  of  waves  on  the 
bottom,  which  might  perhaps  disturb  a  foundation  of  broken  stones 
having  a  steep  slope.  It  was  therefore  determined  to  adhere  to  a  modi- 
fication of  the  original  plan  for  this  part  of  the  heavy  wall  which  was 
built  as  indicated  on  Plan  XII,  the  modification  referred  to  being  this. 
The  foundation  was  dredged  about  four  feet  below  the  base  of  the  wall, 
and  the  trench  filled  with  smaU  broken  stones  to  diminish  the  risk  of 
slipping.  Previous,  however,  to  advising  this  style  of  wall  at  this  place, 
the  bottom  Avas  thoroughly  tested.  A  description  of  these  experiments 
may  be  of  interest.  * 


*  The  writer  is  indebted  to  Mr.  Jos.  P.  Frizzell  for  conducting  these  experiments,  with 
Mr.  J.  O.  Osgood,  inspector. 
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The  dredging  having  been  completed  along  the  whole  length  of  the 
proposed  jDier-head  to  the  required  depth  of  23  feet  below  low  water, 
piles  were  driven  at  intervals,  in  order  to  learn  what  degree  of  uniformity 
existed  in  the  general  character  of  the  bottom.  The  dredging  and  pile- 
driving  both  tended  to  show  a  great  uniformity  in  the  physical  charac- 
teristics of  the  bottom  along  the  whole  length  of  the  work.  It  was  a 
firm  though  fine  clay,  soft  enough  to  allow  of  piles  being  driven  into  it 
with  ease.  Selecting  a  central  point  for  the  experiment,  a  group  of 
piles  was  driven  into  it  and  fastened  together  at  the  top,  where  a  small 
platform  was  built  on  them.  A  single  pile,  with  squarely-sawed  point, 
was  set  upright,  resting  its  point  on  the  clay,  while  its  top  was  held  ver- 
tically over  its  lower  end  by  the  platform,  through  a  hole  in  which  it 
was  allowed  to  slide.  A  small  cross-head  was  then  made  fast  to  the  top 
of  this  loose  pile,  on  which  definite  weights  Avere  applied,  while  the 
amount  of  settlement  under  these  weights  was  observed  by  a  levelling 
instrument,  and  referred  to  a  fixed  bench-mark. 

The  results  were  as  follows  : 

The  figures  under  the  head  of  "settlement"  indicate  the  new  or  ad- 
ditional subsidence  due  to  the  increase  of  load. 


Pouuds  per  square 

Interval  during  which  set- 

Total weight  in 

foot  of  bearing 

Settlement  in  feet. 

tlement  occurred  before 

pounds  applied. 

surface. 

it  was  measured. 

670 

2,921 

0.03 

]  7  hours. 

1,300 

5,668 

0.06 

7^  hours. 

2,500 

10,900 

0.04 

At  once. 

2,500 

10,900 

0.05* 

16  liours. 

2,830 

16,700 

0.04 

At  once. 

2,830 

16.700 

0.20* 

7  hours. 

2,830 

16,700 

0.25* 

21  hours  more. 

2,830 

16,700 

0.00* 

72  hours  more. 

2,830 

16,700 

0.03* 

72  hours  more. 

2,830 

16,700 

0.025* 

X^  hour  more. 

This  material  can  be  compared  to  that  existing  in  other  places  by 
comparing  the  amount  of  resistance  offered  by  each  material  to  the  pen- 
etration of  square-pointed  piles  under  the  hammer  ;  and  for  the  sake  of 
such  a  comparison,  a  statement  is  given  below  of  the  successive  penetra- 
tion of  several  i^iles  here  driven.  The  hammer  weighed  1,385  ijounds. 
The  piles  were  selected  of  about  the  same  size,  viz.,  6^  inches  diameter 
at  the  point ;  they  varied  from  43  to  53  feet  in  length.  The  water  was 
about  deei)  enough  to  float  the  piles  as  they  stood  ui^right  before  being 
driven,  so  their  own  weight  counted  for  nothing. 

*  Additional. 
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f  First  pile. . . 
Second  pile. 


J      Third  pile. 


I 


Fourth  pile. . 
Fifth  pile.  .  .  . 
Sixth  pile. .  . 
Seventh  pile 


Fall  of  hammer. 


Penetration. 


1st. 
2d. 
3d. 
1st. 
2d. 
3d. 
1st. 
2d. 
3d. 
1st. 
2d. 
3d. 
1st. 
2d. 
3d. 
1st. 
2d- 
3d. 
1st. 
2d. 
3d. 


8  ft. 

8  ft. 

9  ft. 
7  ft. 

7  ft. 

8  ft. 

7  ft. 

8  ft. 
8  ft. 
6  ft. 

6  i't. 

7  ft. 

6  ft. 

7  ft. 
7  ft. 

7  ft. 

8  ft. 

9  ft. 
S  ft. 
9  ft. 

10  ft. 


7i  in, 
Uin. 
2  in. 
10  in. 
4    in. 

6  in. 
f  in. 

8    in. 

7  in. 
2  in. 
6  in. 
liin. 
Sir  in. 
7iin. 
4|in. 
3iin. 

6^  in. 
4    in. 


7^  inches. 
6 

5i  " 

8 

6  " 

74  " 

6}  " 

7i  " 

7iV  ' 

7 

7 

9+  " 


IH 
11* 

18i* 
9+ 
91 


The  next  step  was  to  determine  what  amount  of  friction  this  clay 
would  aftbrd  as  a  resistance  to  the  sliding  outward  of  the  wall  on  its  base, 
where  it  has  no  foothold,  standing  on  a  level  with  the  harbor  floor. 

For  this  pm-pose,  a  rough  block  of  granite  was  dragged  over  a  level 
bed  of  clay,  immersed  in  the  water,  while  the  amount  of  force  needed 
to  produce  sliding  was  measured  with  a  spring  balance.  A  mean  of  some 
42  trials  gave  for  the  coefficient  of  friction  at  starting,  0.328,  and  after 
starting,  0.224,  while  in  motion.  In  practice  this  can  be  largely  in- 
creased by  dejiositing  broken  stone  on  the  bottom. 

The  actual  condition  here  existing,  affecting  the  stability  of  this  work, 
may  be  described  as  follows  :  The  wall  is,  except  for  a  short  distance  at 
each  end,  to  act  as  a  retaining  wall  for  the  solid  filling  behind  it,  while 
the  ebb  and  flow  of  the  tides  bring  a  mass  of  water  in  its  front,  vai'j'ing 
some  12  feet  in  height— being  from  22  to  34  feet  in  depth  at  spring 
tides.  Since  the  lower  12  courses  are  laid  without  cement,  the  water 
passes  freely  through  the  wall,  rising  and  falling  with  every  tide  among 
the  material  in  its  rear,  as  far  as  such  material  is  not  impervious  to  it. 
A  porous  ballast  is  placed  immediately  behind  the  wall,  but  beyond  this 
the  material,  for  36  feet  in  height  above  its  base,  is  a  slippery  clay, 
reduced  by  handling  to  a  semi-fluid  condition  when  first  deposited,  and 
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acquiring  gradually  a  more  solid  character  by  the  expulsion  of  water 
from  among  its  particles,  through  their  greater  specific  gravity,  Avhicli 
was  about  doulile  that  of  sea  water.  This  is  a  slow  j)rocess  ;  the  well- 
known  characteristic  of  the  material  being  a  tendency  to  resist  the  per- 
colation of  water  through  its  mass  ;  so  that  many  months  elapse  after  its 
deposit  before  it  becomes  as  compa.ct  as  when  first  found  in  the  harbor. 
In  this  latter  condition  we  are  obliged  to  use  it  as  a  foundation  to  build 
on.  It  had  been  found  by  actual  experiment  that  this  material  would 
bear  a  load  of  some  5  000  i^ouuds  per  square  foot  without  flowing  out 
perceptibly  from  under  this  load  ;  also  that  an  increase  of  load  above 
this  i^oint  was  soon  accompanied  by  a  tendency  to  flow,  which  was  appa- 
rently continuous  for  a  number  of  days,  when  a  load  of  10  000  jjounds 
per  foot  was  api^lied.  The  quantity  of  clay  to  be  moved  by  flow  from 
under  such  a  load  would  increase  materially  with  the  settlement  of  the 
load,  for  the  first  few  inches  of  the  disiDlacement,  by  the  accumulation  of 
this  displaced  material,  after  which  a  channel  might  be  established  for  its 
escape.  A  i^oiut  of  equilibrium  seemed  to  be  reached  in  our  experi- 
ments, where  a  slight  settlement  taking  place  at  first,  was  checked  by 
this  increase  of  resistance  until  by  successive  ajjplications  of  new  loads,  a 
load  of  about  16  000  pounds  per  foot  was  reached,  when  this  settlement 
seemed  to  become  continuous  during  the  experiment.  It  was,  therefore, 
considered  desirable  to  limit  the  maximum  load  to  5  000  jDounds  per  foot, 
if  possible,  although  a  heavier  load  might  not  produce  much  trouble, 
within  the  limits  of  7  000  or  8  000  i:)ounds  per  square  foot. 

The  amount  and  direction  of  the  pressure  exerted  upon  such  a  wall 
by  the  earth  behind  it,  depend  upon  these  two  data  :  (.4)  The  specific 
gravity  of  the  material ;  [B]  the  natural  slope  of  the  material,  when  a 
bank  of  it  is  left  to  assume  its  oavu  slope.  This  angle  is  the  natural 
resultant  of  the  friction  of  the  particles  as  exerted  to  prevent  sliding,  and 
the  gravity  of  the  mass.  It  is,  therefore,  sometimes  called  the  angle  of 
friction,  and  its  tangent  is  the  coefficient  of  friction  of  the  material. 

Since  the  investigations  of  Prony,  in  the  early  part  of  this  century,  it 
has  been  accei^ted  as  proved,  that  the  maximum  pressure  of  earth  in  such 
cases  is  exerted,  not  by  the  whole  prism  lying  between  its  natural  slope 
and  the  back  of  the  wall,  for  the  tendency  to  slide  in  that  prism  is  just 
balanced  by  friction,  and  it  would  not  tend  to  move  at  all;  but  this  max- 
imum pressure  is  exerted  by  the  prism  contained  between  the  back  of 
the  wall  and  a  jjla  le  inclined  upward  from  its  base,  so  as  to  bisect  the 
angle  between  the  vertical  and  the  natural  slope.     The  sliding  of  this 
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prism  downwai'tl  Avould,  therefore,  throw  the  centre  of  pressure  in  the 
direction  of  this  limiting  plane  on  which  the  sliding  takes  place,  i.  e., 
parallel  to  it ;  and  as  the  centre  of  gravity  in  such  a  prism,  if  homogen- 
eous, would  be  at  two-thirds  the  distance  from  the  top  of  the  wall  to  the 
centre  of  this  sloping  plane,  the  line  of  pressure  would  strike  the  back 
of  the  wall  at  a  point  one-third  Avay  up  from  the  base.  The  value  of  the 
horizontal  thrust  on  the  wall  at  this  point  is  expressed  by  the  following 
formula  : 

P  =  -^  tangent^  h  (90-^— (p) 

Where  P  ==  horizontal  pressure  on  wall  for  a  unit  of  length. 
W  =  weight  of  a  cubic  unit  of  filling  material. 
h  =  height  of  wall. 

(p  —   angle  of  repose  of  filling  material,  counting  from  the 

horizon. 

In  other  words,  this  pressure  for  a  unit  of  length  of  wall  eqiials  the 

product  of  the  weight  of  the  prism  for  a  unit  of  length  by  the  tangent  of 

one-half  the  complement  of  the  angle  of  repose  ;  for  the  weight  of  such 

a  prism  is — 

=  ^,  Jr-  tangent  i  [90°— (p) 
Of  these  elements  the  weight  of  the  tilling  is  easily  obtained,  and  is 
found  by  experiment  to  be  about  125  pounds  per  cubic  foot.  The 
height  of  the  wvall  is  39  feet.  It  only  remains  to  find  the  angle  of  repose 
of  the  material.  It  is  upon  this  point  that  all  the  uncertainty  arises 
Avhich  enters  into  such  calculations,  and  renders  them  often  of  little 
value.  The  natural  slope  of  earth,  when  not  subject  to  the  wash  of 
water,  is  generally  taken  at  about  33-  18'.  But  the  clay  with  which  we 
have  to  deal  possesses,  when  first  deposited,  almost  the  fluidity  of  mortar, 
and  its  natural  slope  is  found  to  be  as  low  as  3°,  till  time  is  given  for  it 
to  expel  the  water  with  which  it  has  been  mixed.  It  follows  that  a  wall 
of  enormous  height  and  breadth  of  base  would  be  required  to  hold  up  such 
a  filling  for  the  period  of  its  transition  from  a  semifliiid  to  a  compara- 
tively solid  state  ;  so  that  much  economy  would  result  by  using  plenty 
of  time  in  so  disposing  this  back  filling  as  to  increase  the  angle  of  repose 
as  far  as  possible.  The  first  step  in  this  direction  is  to  place  in  imme- 
diate contact  with  the  rear  of  the  wall  a  quantity  of  porous  material  or 
ballast,  which  will  not  only  drain  the  filling  in  the  immediate  neighbor- 
hood, but  serve  to  increase  the  angle  of  the  natural  slope.  Such  material 
was  provided  for  this  purpose  in  the  specifications  ;  viz.  :  porous  gravel, 
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stones,  or  oyster-shells.  The  gravel  Avouhl  have  a  natural  slope  of  some 
33°  18',  and  the  stones  or  shells,  if  used,  a  slope  of  40^.  But  the  prism 
of  greatest  pressure  would  not  be  composed  entirely  of  such  ballast. 
There  would  be  a  considerable  amount  of  clay,  and  this  would  tend  to 
make  the  whole  mass  slide  at  a  flatter  slope  than  the  ballast  alone  would 
assume.  The  natural  slojie  of  the  combination  would  be  somewhere  be- 
tween that  of  the  two  substances  considered  separately.  A  large  num- 
ber of  experiments  made  upon  the  friction  of  this  clay,  led  us  to  suppose 
that  its  angle  of  repose,  when  not  mixed  with  water,  was  more  dependent 
on  its  cohesion  than  friction  ;  and  a  disposition  to  flow  under  extreme 
pressure  was  generally  developed,  even  when  at  its  hardest  state.  If  we 
could  rely  upon  the  complete  expulsion  of  the  water  from  its  mass  before 
completing  the  loading  of  the  wall,  and  if  Ave  chose  to  rely  on  cohesion, 
we  might  rely  on  a  natural  slope  of  some  35°  perhaps  for  that  of  the  bal- 
last and  clay  together.  But  the  difficulty  of  attaining  this  result,  and 
the  uncertain  character  of  the  element  of  cohesion,  indicate  that  pru- 
dence would  require  the  assumed  angle  to  be  less  than  that  of  common 
earth  alone  ;  say  as  small  as  two  of  base  to  one  of  height,  or  26°  34'  for 
the  condition  of  things  soon  after  loading  the  wall.  In  order  to  indicate 
the  direction  and  value  of  the  resultant  pressure  on  this  supposition,  the 
annexed  diagram  is  made.     See  plate  XIII. 

In  this  diagram  the  section  of  the  wall  is  shown  by  the  figure  ABB. 
The  suj^iDosed  natural  slope  of  the  material  behind  it,  when  partially  con- 
solidated, is  shown  by  the  line  BF,  with  an  angle  of  63^  26'  from  the 
vertical.  The  prism  of  maximum  pressure  would  then  be  included  be- 
tween the  lines  BA  and  BE.  It  would  tend  to  slide  down  the  line 
BE,  and,  if  composed  of  homogeneous  materials,  Avould  give  a  line  of 
pressure  parallel  to  this  side,  and  intersect  the  wall  at  one-third  its  height, 
above  its  base.  But  we  have  here  conditions  somewhat  different  from 
these.  The  water  passes  freely  through  the  wall  and  the  ballast,  so  that 
the  centre  of  gravity  of  the  prism  ABE  would  not  be  at  the  centre  of 
gravity  of  this  triangle.  Extreme  Ioav  water  is  evidently  the  time  Avhen 
the  greatest  earth  pressure  exists.  But  the  material  below  the  water  at 
any  time  would  not  count  at  its  full  Aveight,  but  at  a  Aveight  dejaending 
on  its  excess  of  specific  gravity  oA'er  that  of  sea  Avater.  On  computing 
the  centre  of  gravity  of  the  figure  upon  this  basis  we  find  it  at  the  point 
C.  and  drawing  thence  the  line  C'H  parallel  Avith  BE,  Ave  find  the  line 
of  pressure  intersects  the  back  of  the  wall  at  a  jDoint  H,  more  than  a  foot 
above  the  loAver  third  of  the  height  of   the  Avail.     The   weight  of  such  a 
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prism  one  foot  loug,  allowing  for  the  buovaucy  of  tlie  water,  is  computed 
at  50,028  liouiids,  as  indicated  under  the  point  C",     The  horizontal  i^ress- 
ure  on  the  wall  is  then  found  by  the  formula  above  quoted. 
P  =  w'  tangent  I  (90°  -  *). 

w'  being  the  weight  of  the  mass,  ABE  =  50,028. 

*  being  26°  34'  and  k  (90'  —  <j>)  being  31"  43'   from  which  we   have 

P  =  30,920  lbs. 
We  want  now  to  combine  this  horizontal  force  with  the  weight  of  the 
wall.  This  is  supposed  to  act  from  its  centre  of  gravity,  C,  Avith  a  verti- 
cal force  of  53,490  pounds  ;  the  portion  below  low  water  being  dimin- 
ished in  weight  by  the  buoyancy  of  the  water,  and  the  centre  of  gra\dty 
being  higher  than  that  of  the  figure.  The  resultant  is  found  by  com- 
piitiug  the  diagonal  of  the  force  parallelogram  to  be  in  a  direction  shown 
by  the  line  UK,  making  an  angle  of  30^  02'  with  the  vertical,  and  hav- 
ing a  value  of  61,790  j^ounds.  This  would  intersect  the  base  at  K,  dis- 
tant 3.85  feet  from  the  outer  corner  of  the  wall,  and  would  indicate  a 
degi-ee  of  instability  from  the  folloAving  reasons  :  The  angle  30°  02'  13 
somewhat  greater  than  the  angle  of  friction  between  stone  and  stone,  as 
generally  accepted,  and  decidedly  greater  than  that  between  stone  and 
clay.  This  might  lead  to  the  sliding  forward  of  the  wall.  Moreover,  the 
pressure  on  the  base  is  not  uniform,  but  has  a  maximum  at  the  i^oint  D 
of  some  8,500  pounds  per  square  foot,  even  supposing  the  horizontal 
component  of  this  resultant  to  be  cancelled  by  friction.  It  had  been 
found  by  our  experiments  above  referred  to,  that  a  pressure  of  this 
amount  on  the  clay  bed  under  the  wall  began  to  produce  symptoms  of 
flow  from  under  the  load,  hardly  consistent  with  stability. 

But  we  have  thus  far  neglected  the  items  of  water  jjressure  and 
friction  between  the  filling  and  the  back  of  the  wall.  Since  a  very  slight 
rolling  motion  in  the  wall  might  take  place  about  the  point  B,  without 
producing  friction  on  the  line  B  A,  it  was  not  thought  prudent  to  rely 
on  this  ;  although  Mosely  and  some  other  writers  suggest  such  a  reliance. 
But  the  water  pressiu-e  certainly  does  act  to  some  purpose  in  assisting 
stability.  For  although  it  flows  freely  through  the  wall  and  the  ballast, 
it  meets,  sooner  or  later,  an  impervious  material  against  which  it  stops 
and  exerts  the  known  pressure,  and  a  part  of  this  may  doubtless  be  reck- 
oned upon  to  hold  back  and  cancel,  2^^'o  tanto,  the  earth  pressure.  A 
line  is  di'awn  on  the  diagram  showing  the  water-pressure  at  extreme  low 
water,  intersecting  the  front  of  the  wall  and  normal  to  it,  at  a  point  one- 
third  the  height  from  the  bottom  to  top  of  the  water,  having  a  value  of 
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14,112  pounds.  If  the  wall  were  a  tiglit  diapliragm,  this  wonkl  produce 
the  resultant  JL,  when  combined  with  the  above  described  forces.  In 
reality,  this  resultant  may  be  considered  to  lie  between  the  lines  /iVand 
JL.  The  latter  has  an  angle  of  73'  10'  with  the  horizontal;  or  16°  50' 
with  the  vertical,  which  is  evidently  within  the  limits  of  stability. 

The  result  of  the  above  investigation  indicates  that  it  is  desirable  to 
keep  the  material  behind  the  wall  in  such  a  condition  that  the  angle  of 
repose  would  always  be  slightly  greater  than  here  shown,  which  is  a  con- 
dition verging  on  the  extreme  limits  of  stability.  This  end  can  generally 
be  attained  by  giving  attention  to  the  manner  in  which  the  filling  is  de- 
posited ;  viz.,  to  insure  its  being  deposited  in  successive  layers,  giving- 
time  for  the  consolidation  of  each  layer  by  the  expulsion  of  water  from 
among  its  particles  before  applying  the  next  one,  and  giving  each  suc- 
cessive layer  a  slope/roi?i  the  wall,  by  keeping  the  material  highest  next 
the  wall.  These  well-known  rules  in  the  application  of  filling  behind  a 
retaining  wall  are  i^articularly  important  when  using  a  material  like  this 
clay,  which  acts  more  like  a  fluid  than  a  granular  substance,  and  is 
always  inclined  to  flow  under  pressure,  even  when  consolidated  as  far  as 
I)ossible,  the  only  condition  being  that  the  pressure  shall  overcome  its 
cohesion,  a  power  of  resistance  difficult  to  determine,  and  which  all  pru- 
dent engineers  hesitate  to  rely  upon. 

The  above  investigation  also  indicates  the  api^arent  lack  of  stability 
in  case  the  wall  were  to  be  founded  directly  upon  the  clay,  as  at  first 
jDroposed  in  1869,  for  the  friction  of  granite  blocks  ujaon  the  clay  is  far 
inferior  to  that  of  the  same  blocks  iipon  the  broken  stone,  while  the  lat- 
ter, being  imbedded  or  indented  into  the  clay  at  the  bottom  of  the 
trench,  get  a  far  better  hold  than  flat  stones  would  do,  resting  on  a  flat 
clay  bottom. 

The  foundation  for  the  180  feet  of  heavy  wall  between  the  docks  was  pre- 
pared in  the  year  1876,  as  above  described,  by  dredging  three  or  four  feet 
below  its  base,  and  levelling  up  with  small  broken  stones  from  one  to 
four  inches  diameter,  carefully  packed  and  levelled  with  a  straight-edge. 
During  the  year  1876,  about  seven  courses  of  dimension-stone  were  laid 
upon  this  by  divers,  each  course  being  alternately  all  headers  and  all 
stretchers  up  to  low  water.  Each  stone  was  gauged  by  an  inspector  be- 
fore being  lowered  into  the  water  ;  and  when,  in  the  spring  of  1877,  the 
work  appeared  for  the  first  time  above  water,  there  was  not  over  an  inch 
variation  in  its  level  throughout  its  whole  length.  It  has  since  been  fin- 
ished in  cement  masonry  up  to  grade  16,  the  dock  walls  having  been 
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bonded  into  it  as  it  Avas  laid.  The  filling  has  but  recently  been  applied, 
but,  as  the  pressure  of  such  filling  against  the  wall  is  more  severe  imme- 
diately after  its  application  than  ever  likely  to  be  afterward,  its  present 
stability  is  an  apparent  guarantee  for  that  of  the  future.  cV  record  of  it  -i 
settlement  is  appended  in  Table  D. 

In  the  tabular  statements  appended  (tables  E,  F  and  G),  will  be  found 
a  record  of  the  j^ayments  made  under  the  contracts  with  Messrs. 
CIaii}3  &  Ballou,  also  a  statement  of  the  quantities  of  each  kind 
of  work  done,  with  the  nominal  prices  attached,  by  which  partial  pay- 
ments have  been  made  during  the  progress  of  the  work,  amounting, 
when  finished,  to  the  contract  prices  per  lineal  foot  of  wail,  and  square 
foot  of  filling. 

Testing  of  Cement  used  in  the  Heaatt  Walls  above  Low  Watee. 
As  this  cement  was  often  covered  by  tide  water  almost  immediately 
after  being  applied,  and  always  within  10  or  12  hours,  until  above  higli 
water,  it  was  desirable  to  use  an  article  possessing  the  quality  of  setting 
quickly,  as  well  as  of  a  uniform  quality  in  other  respects,  such  as  fine- 
ness, &c.  Samples  were  drawn  from  each  barrel.  These  were  mixed  with 
a  definite  and  minimum  quantity  of  water,  and  moulded  for  attachment 
to  the  testing  apjjaratus.  These  samples  were  then  immersed  in  water 
for  24  hours  and  afterwards  broken  by  tension  in  an  apparatus  made  for 
the  purpose,  weighing  the  force  applied  on  a  scale  beam.  Another  ap- 
paratus was  made  to  test  the  resistance  to  crushing,  but  this  test  was  not 
found  to  be  so  useful  in  practice  as  the  former.  Ail  barrels  were  rejected 
which  did  not  yield  a  tensile  strength  of  sixty  pounds  per  square  inch  of 
section  after  the  twenty-four  hours  in  water.  A  detailed  statement  of 
the  results  of  testing  large  quantities  of  cement  offered  is  appended 
hereto  (see  Tables  H  and  I),  showing  the  gain  in  strength  by  lapse  of 
time  while  immersed  in  water  for  various  periods  up  to  two  years,  also 
comparison  of  results  for  various  proportions  of  sand  and  for  salt  and  for 
fresh  water  for  making  the  mortar. 

The  pointing  of  the  face  joints  of  this  wall  was  originally  of  good 
American  cement,  applied  under  the  contract,  but  it  was  found  to  have 
been  considerably  loosened  by  the  frost  during  the  two  past  winters  be- 
tween high  and  low  water,  and  arrangements  were  therefore  made  in  1877 
to  replace  this  pointing  with  Portland  cement,  where  not  perfectly  sound. 

This  was  applied  without  sand,  and  promises  to  be  more  durable  in  this 
trying  position. 
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Filling  Behind  the  Walls. 

The  material  for  filling  was  the  clay  dredged  from  the  harbor,  with 
the  exception  of  the  ballast  behind  the  walls  and  for  the  upper  three  feet 
next  the  surface.  This  clay  was  generally  so  stiff  as  to  require  the  use  of 
a  heavy  scoo}?  dredge,  -and  was  brought  around  the  walls  in  scows  and 
dumped  about  the  time  of  high  water,  until  the  filling  had  accumulated 
up  to  about  half  tide,  after  which  loaded  scows  could  not  be  floated. 
The  remainder  of  the  clay  was  dumped  in  piles  in  front  of  the  walls  and 
lifted  over  them  with  a  clam-shell  dredge,  which  swung  its  arm  around 
over  the  wall  and  dropped  the  clay  into  small  tramway  cars,  handled  by 
a  light  locomotive.  The  tramways  extended  over  the  jDartially  filled 
flats,  supported  on  pile  trestles.  The  car  bodies  were  not  on  rockers 
like  gravel  cars,  but  had  side  boards  hinged  at  the  top,  with  bottoms 
sloping  down  on  each  side  from  the  centre,  so  that  when  the  side  boards 
were  raised  the  clay  slipped  out  on  both  sides.  The  repeated  handling  had 
reduced  the  material  to  the  consistency  of  mortar,  so  that  it  spread  for 
several  hundred  feet  on  either  side  of  the  tram,  and  avoided  the  construc- 
tion of  many  lines  of  trestles.*  The  ridges  left  alongside  the  tramway 
were  removed  by  wheel-barrows  into  the  hollows.  This  material  as  thus 
dumped  weighed  about  125  lbs.  per  cubic  foot,  and  as  it  was  of  a  semi- 
fluid consistency,  capable  of  exerting  an  enormous  horizontal  pressure, 
great  care  was  needed  in  depositing  it  near  the  walls  to  avoid  crowding 
them  over  or  pushing  them  bodily  forward.  The  method  generally 
adopted  was  to  drop  this  material  over  the  wall  directly  on  to  the  ballast, 
until  some  four  or  five  feet  in  depth  had  accumulated,  then  to  move 
along  and  wait  several  weeks  for  this  first  deposit  to  consolidate  by  ex- 
pelling the  water  from  its  particles  before  putting  on  another  layer. 
After  the  clay  had  been  accumulated  by  thus  dropping  it  over  the  wall  to 
a  height  near  the  top  of  the  wall,  it  sloped  back  for  some  hundred  feet 
or  more  over  the  material  previously  dumped  from  scows,  and  the  dump- 
ing from  the  tramways  in  the  interior  of  the  field  finished  the  clay 
filling. 

The  gravel  for  the  ballast  behind  the  walls  and  part  of  that  used  for 
the  surface  was  brought  by  scows  from  dredgings  around  the  Great 
Brewster  Spit,  near  the  mouth  of  the  harbor,  and  was  dumped,  hoisted 
over  the  wall,  and  distributed  in  the  same  manner  as  the  clay.      But  the 

*  It  was  found  in  practice  that  lines  of  trestles  some  two  hundred  feet  apart  would  fill  the 
intervening  spaces  with  but  little  wheeling  of  material  to  level  up. 
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larger  portion  of  the  surface  gravel  was  brought  iu  from  Readville  by 
rail,  about  nine  miles,  on  the  line  of  the  New  York  &  New  England 
Kailway. 

Dredging  Done. 

While  getting  material  for  filling  the  area  behind  the  above  described 
walls,  the  following  dredging  has  been  done : 

Fort  Point  Channel  has  been  dredged  on  a  slope  longitudinally  be- 
ginning Avith  12  feet,  reaching  a  dejjth  of  23  feet  at  low  water,  at  a  point 
about  midway  the  length  of  the  heavy  wall  west  of  the  dock.  The  por- 
tion of  this  channel  opposite  tlie  light  wall  is  400  feet  wide.  Passing- 
eastward  the  width  gradually  contracts  to  about  200  feet  before  arriving 
at  the  first  dock.  Near  the  entrance  to  this  dock,  it  is  widened  again  to 
a  width  of  400  feet,  with  a  depth  of  23  feet  at  low  water.  This  width 
allows  vessels  to  turn  in  entering  or  leaving  the  dock.  From  this  point, 
a  channel  is  dredged  abont  200  feet  wide  and  23  feet  deej?  at  low  water 
nearly  due  east  to  the  main  ship  channel.  A  considerable  amoxint  of 
material  has  also  been  taken  from  a  shoal  off  the  end  of  Long  Whai'f. 

The  dock  on  the  Commonwealth's  flats  has  a  depth  of  23  feet  at  low 
Avater  through  its  whole  length,  np  to  within  50  feet  of  the  walls  on  each 
side,  which  is  as  near  the  walls  as  it  will  be  safe  to  dredge,  before  the 
platforms  are  built,  owing  to  the  difficulty  in  controlling  the  dredging 
machines  with  any  exactness.  This  bank  of  clay  on  each  side  wiU  be  a 
sufficient  protection  to  the  walls  imtil  the  platforms  are  built,  after  which 
it  may  or  may  not  be  found  necessary  to  dredge  a  small  quantity  along 
their  front  lines. 

Inspection. 

The  difficulty  of  inspecting  submarine  masonry  is  often  felt  to  be  a 
serious  di'awback  upon  its  use.  The  difficulty  in  most  cases  arises  in 
part  from  the  lack  of  intelligence  and  habits  of  accurate  observation  on 
the  part  of  the  men  employed  as  divers,  and  in  part  from  the  possible 
want  of  independent  judgment,  veracity,  and  integrity  in  men  who 
either  have  been,  are  now,  or  expect  to  be  iu  the  future,  dependent  for 
employment  upon  the  contractors  whose  work  they  are  to  exdmine  and 
report  upon.  Perfect  independence  is  a  sine  qua  non  for  a  good  in- 
spector, however  good  his  other  qualifications  may  be.  In  the  work 
above  described  the  State  was  fortunate  in  securing  the  services  of  the 
assistant  engineer  in  charge  to  inspect  all  the  submarine  work  iu  person. 
This  was  done  in  ordiuaiy  diver's  armor,  and  without  any  injurious 
eff'ects  except  temj^orary  discomfort  at  times. 
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TABLE  D. 

Levels  on  Heavy  Wall  East  of  Dock.— (Referred  to  Mean  Low  Water.) 


Elevation  of  Bottom 
Course. 

11  above 
rse(Bot- 
feet). 

Top  of 
line  of 
20,  1877 

^   o 

*^  o     II 

o  1  8 

Regular  Stations  are  20.42  feet  apart. 

Sept.  26, 
1877. 

Dec.  20, 

1877. 

1 

Height  of 
Bottom 
tom  C. 

Elevation 
Wull  (F 
Caps),  r 

End  of  wall A, 

—20.94 

-20.94 

37.01 

16.07 

B, 

—21  .04 

—21.09 

37.11 

16.02 

(':, 

—21.04 

—21.07 

37.12 

16.05 

D, 

—  21.00 

—21.04 

37.06 

16.02 

Dolphin,  No.  14,  73.6  ft.  from  W.  )  ^ 
end  of  caps f     ' 

—20.96 

—20.99 

37.05 

16.06 

F, 

—21.00 

—21  .03 

37.11 

16.08 

G, 

—21.00 

—21.02 

37  10 

16.08 

H, 

—  21.03 

—21.06 

37.17 

16.11 

I, 

—20.95 

—20.98 

37.10 

16.12 

Dolpliin.  No.  15,  ICo.l  ft.  from  1  -. 
E.  end  of  caps \  '  ' 

—20.94 

—20.96 

1       37.13 

16.17 

End  of  wall    K, 

_20.93      —20.95 

'       37.09 

16.14 

Mean  of  latest  levels 

—21.01 

37.09 

16.08 

Orisiinal    elevation,    top    of    bottom 

conrse 

:    —20. OS 

Averaa^e  settlement 

—0.21 

Greatest  settlement '. 

—0.29 

Least  settlement 

1      -0.14 

1 

N.  B. — The  datum  used  for  these  levels  is  the  same  hitherto  used  in  connection  with  the 
oflSce  of  Harbor  Commission  and  Coast  Survey.  It  varies  slightly  from  the  datum  of  the  City 
Engineer's  office.  This  datum  can  be  found  by  the  following  bench  marks,  viz.  :  North-east 
corner  of  door-step  of  oifice  of  Boston  Water  Board's  pipe-yard  on  Federal  street,  opposite 
New  York  and  New  England  Railroad  Station,  is  called  19.839  ;  coping  of  Dry  Dock  in  Navy 
Yard,  14.620. 


TABLE  E. 

Record  ok  Payments  m.\de  under  the  Contracts  avith  Messrs.  Clai'p  &  Ballou. 


Lineal  Feet. 

Square 
feet  of 
Filling. 

Total  value 

at  the 

Contract 

prices. 

Reserved 

under 
Contract. 

Actually 

WORK  DONE. 

Light 
Wall. 

Heavy 

Wall. 

Paid. 

Before  Jan.    1,  1875 

Jan.    1,  1876 

Jan.    1,  1877 

Jan.  15,  1878 

641 
1,138 
2,415 
2,635 

255. 

743. 

879. 

944.849 

190,016 
349,216 
561,692 
884,010/3 

$160,139  00 
357,682  26 
525,228  21 
676,313  68 

$16,013  88 
35,768  20 
52,522  82 
67,631  29 

$144,125  12 
321,914  06 
472,705  39 
608,682  39 
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TABLE  F. 

The  Quantities  of  Woek  Actually  Done  at  the  Vaeious  Points  are  about  as  follows,  viz. 


LOCALITY. 


Length  on 
Top. 


Fort  Point  Cliaiinel  wall 

"  "  broken  stone  at  north  end. 


720j-V(r 


Heavy  wall  west  of  docks 

"         "       masonry  laid  by  divers 

"         "       masonry  in  cement 

"         '•       foundations  of  broken  stones. 

Heavy  wall  east  of  dock 

"         "       masonry  b}'  divers 

"         "       masonry  in  cement 

"         "       broken  stone  in  foundation. .  . 

Dock  wall 


mas{jnry 

broken  stone  at  north-west  corner 
broken  stone  at  north-east  corner 
broken  stone  under  west  wall. 


1  Q  .1    5  3   » 


1861 


743. 


20,500  or 


)23 


737 

1,105 

146 


Cubic  Yards. 


3.794-j^%^ 

3,639A\V 

12,9043-^',V 


1,638^VtjV 
606^57 


TABLE  G. 

Partial  jiayinents  have  been  made  according  to  the  following  list  of  nominal 
prices  furnished  by  the  contractor,  amounting,  when  multiplied  by  the  estimated 
quantities  of  each  kind  of  work,  to  the  contract  price  per  lineal  foot  of  walls: 
viz.: — 

For  wall  along  Fort  Point  Channel  and  around  Dock  : 

For  piles  and  planking  same,  2  piles  per  lineal  foot,  at $5  each. .   $10  00  per  foot. 

Digging  out  and  applying  ballast  between  piles 1    50  " 

Masonry,  4^  yards  per  foot,  at  $3.32  -I-  per  yard 15   50         " 

Ballasting  back  of  wall,  7^  yards  per  toot,  at  $1.50 11   00 

Guide  piles '. 100 


( 


Total $39  00  per  foot. 

For  Heavy  Sea-wall  West  of  Dock. 

Broken  stone  in  foundation    $3  00  per  yard. 

Levelling  the  same 

Guide  piles  for  same 


00  pc 

50 

05 


15.5  cubic  yards  per  foot  length $3  55  "      .  .  $55  025  per  foot. 

Masonry  below  low  water,  4,691  yards,  @  $18 84  438 

Masonry  above  low  water.  4,531  yards,  (^0  .$17,775    80  537       " 

Ballast  behind  wall 16  000       " 

Total,  as  per  contract  price $236  000 

For  Heavy  Wall  between  the  Docks. 

Masonry  laid  by  divers,  11.95  yards,  @  $15 $179  25  per  foot. 

Masonry  laid  above  water,  4.531  j'ards  @  $10    45  75       " 

Levelling  foundation 5  00       " 

Ballast  behind  wall 1 8  50 


Total $248  50 


*  On  State's  land. 
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Table  H. 

Record  of  Cement  Tests. 

All  from  moulds  of  neat  cement  mixed  with  fresh  water  and  broken  by  tension  after  im" 
mersion  for  time  stated.    Temperature  of  water  used  in  mixing  about  60°  Fahr't. 


; 

New  Xoi'k  ^ 

:     Lawrence 

~ 

Newark  k      Newark,  N. 

Newark.  N. 

Roseudale 

Cement    Co 

Kosendale    J.,  Lime  and 

J.,  Lime  & 

Lime   &    Ce 

-    '*  Hoffman 

Howe's  Cave 

Cement    Co.    Cement  Co. 

Cement    Co 

■  ment  Co.  24 

Rosendale 

1  Association. 

24-hour  tests  24-hour  test.' 

All  tests 

hour  tests 

Cement." 

Tests  from  4 

are  from  801  are  from  44C 

from    1   bar 

"  are  from  181 

Tests  Irom  5I     barrels. 

barrels. 

barrels. 

rel. 

barrels. 

barrels. 

a 

A 

Si 

A 

Si 

A 

** 
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6D 
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M 

ti 
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"' 
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.2 
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(u  S  u 

no 
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tu 
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s 
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i3  &=> 

<a 

■S  ^-9 

CD 

is  Egi    5 

6  c.a 
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so    . 

m    .  ■" 

to     . 

ai    ."^ 

Age. 

0 
d 

61;— '  <& 

«  a  p 

0 
d 

«5| 

0 
0 

0 

0 

to  a> 

nJ  P    — 

0 

d 

K    CD 

c8  a  ^ 

iz; 

> 
< 

[Zi 

> 
< 

;zi 

< 

§, 

t.—  IT' 

-5 

§, 

2  -S   C 

-< 

^ 

0       ai 

> 
< 

] 6  hours. 

54 

47       .... 

24      " 

2  217 

54.7    j  1  204 

63.1 

10 

58. 

467 

45. 

6 

44. 

14 

60. 

36      " 

267 

55.3    i   .... 

48      " 

51 

59.6            9 

64. 

— 

3 

78.5 

14 

49.5 

11 

49. 

60      " 

35 

67.6 

1 

72       " 

3 

77. 

4  days. 

72.5 

7      •' 

28 

97.1 

24 

71. 

1 

85. 

/... 

10       " 

.... 



0 

97.5 

2 

105.     , 

^\... 

14       " 

12 

120.4 

.... 

.../  .... 

15       " 

.... 

2 

133.7 

3 

88. 

•w 

19       " 

8 

139.8 

.... 

.... 

21       " 

2 

97. 

25       " 

1 

117. 

1  month. 

.... 

21 

91.8 

7 

107.5 

64  days. 

1 

297. 

69      " 

1 

325.    ; 

2  months. 

25 

157.2 

8 

201.5 

3      " 

1 

175. 

3'i  " 

2 

220.5 

4       " 

.... 

1 

177. 

G      " 

2 

250. 



1  year. 

9 

380.6 

1  '4  years. 

....   \ 

29 

241.4 

2      " 

26 

257.1    j 

33     ; 

585.1 

19  ; 

S35.5 

13 

265.8 

11 

291.7 

50 


Table  I. 

Rp:coed  of  Cement  Tests. 

From  moulds  of  neat  cement  mixed   with  salt  water  and  broken  by  tension 
after  immersion  for  time  stated. 

Temperature  of  water  used  in  mixing  about  60°  Fahrt. 


Keat  Cement. 


Newark, 

N.  J..  Lime  &  Cement 
•     Co. 

Lawrence  Cement  Co.     "  Hoffman 
Kosendale." 

Age. 

No.  of  tests. 

Average  strength  in  lbs. 
per  square  inch. 

No.  of  tests. 

Average  strength  in  lbs. 
per  square  inch. 

24  hours. 

22 

S8.9 

2 

18.7 

2  days. 



13 

45. 

4       " 



2 

40.5 

7      " 

15 

36.3 

111      " 

2 

49.5 

20       " 



3 

63. 

1  month. 

81 

105. 

3 

'79. 

2  months. 

4 

134. 

H   " 

1 

2*75. 

6       " 

4 

237. 

1  year. 



3 

366.7 

1:^^  years. 

29 

205.3 

.. 

2      " 

S3 

311. 

14 

233.6 

Eecokds  of  Pile  Deiving. 

The  notes  ou  the  following  images  are  from  j)ersonal  ob.servation  and 
measurement,  and,  together,  give  a  fair  statement  of  the  quality  of  the 
foundation  reached  between  the  Boston  Wharf  Company's  property  and 
the  southerly  extremity  of  the  heavy  walh 

The  material  is  (1)  mud,  varying  in  depth  from  1  foot  to  3  or  4  feet  ; 
(2)  sand,  miid,  and  clay,  in  all  proportions  and  so  differently  mixed  that 
but  little  can  be  definitely  stated  about  their  arrangement.  Frequently 
muddy  sand  occurs  for  10  feet  or  more,  and  is  then  succeeded  by  a  sandy 
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jellow  clay  or  by  thin  seams  of  quite  pure  clay  alternating  with  thin 
seams  of  sand.  Again  the  mud,  sand,  and  clay,  are  so  intimately  mixed 
that  the  piles  show  no  difference  in  penetration  other  than  what  is  due  to 
the  change  of  fall,  &c. 

Memoeandum  of  Pix,e  DKrv'ixG  fob  Foundation  of  the  Light  Sea  Wall 
IN  the  State  Dock, 

Whole  number  of  spruce  piles  driven  in  State  dock  wall  foundation 
under  contract  of  June  23,  1875,  3,645.  These  by  specifications  to  be 
10  inches  or  more  in  diameter  where  sawed  off  at  top. 

Books  record  distances  driven  for  3,089  of  these,  aggi'egating  65,627.5 
feet,  or  an  average  penetration  of  21.25  feet.  The  least  penetration  re- 
corded is  Itt.  5  feet.     The  greatest  penetration  recorded  is  28  feet. 

As  the  trench  in  which  these  piles  were  driven  averaged  more  than  4 
feet  deej)  at  mean  low  water,  and  the  penetration  when  piles  were  dropped 
before  driving  is  not  iucludcd  in  the  above  figures,  at  least  5  feet  should 
be  added  to  the  above  penetrations  to  show  depths  which  piles  reached 
below  mean  low  water  : 

TABLE  J. 


state  Dock. 

Depth  driven  in 
feet. 

Fall  of  Hammer 
in  feet. 

Penetration  iu 
inches,  last  blow. 

Number 
of  piles. 

21.285 
21. 

26.444 

27. 

3.768 
12. 

1861 

Piles  with  max.  penetration. 

1 

Piles  with  min.  penetration. 

17  to  22)2,  av.  19.2 

10  to  28,  av.  23.9 

1. 

9 

B.  &  A.  Dock,  spur. 

Average 

22.05i 

23.839 

5.714 

56 

Piles  with  max.  penetration. 

20. 

20. 

12. 

1 

Piles  with  min.  penetration. 

22  to  24,  av.  23.33 

24  to  27,  av.  25.33 

3. 

3 

State  Dock. 


Average . 


^^^^^fieV'^''  '"^  'Number  of  blows. 


Piles  requiring  greatest 
number  of  blows I     21. 

Piles  requiring  least  number 
of  blows I     16. 


33.482 

59. 
12. 


Penetration  in    |  Number 
inches,  last  blow. :  of  piles. 
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2  inches,  with   27 
ft.  fall. 


4  inches,  with  27 
ft.  fall. 


Weight  of  hammer  used,  1,400  pounds. 
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Memorandum  of  Pile  Driving  for  Foundation  of  Light  Sea  Wall, 
ALONG  East  Side  of  Fort  Point  Channel. 


Nov.  10th,  1873. 

Dec.  21th. 
"    29th. 

Jan.,  1874:. 


Whole  depth  to 
which  piles 
were  driven 
by  hammer. 


25  ft.  or  more, 
25  ft.  to  30  ft. 

20  ft.  to  25  ft. 
20  ft.  to  25  ft. 
18  ft.  to  25  ft. 
20  feet. 


Last  blow. 


Fall  in  feet. 


25  feet. 

25  " 

25  " 

30  " 

30  " 

30  " 

30  " 


25  ft.  or  more  30  ft.  to  33  It. 


18  ft.  to  30  ft. 
25  ft.  to  30  ft. 
25  feet. 

25  feet. 
25  feet. 


30  feet. 

30  ft.  to  33  ft. 

30  ft.  to  35  ft. 

30  ft.  to  35  ft. 
30  ft.  to  35  ft. 


Penetration  in 
inches. 


8  inches. 

12      '< 

12       "    j^ 

6      "     + 
4  in.  to  8  in. 
3  in.  to  6  in. 
i  in.  to  8  in. 
11  inches. 
6  inches. 
8  in.  to  14  in. 
G  in.  to  12  in. 

3  in.  to  10  in. 
8  in.  to  14  in. 


Hammer  used   weighed    1,400 
pounds. 


Pei'etration  6  inches  by  18th 
blow,  penetration  2>a  inches 
by  tith  blow. 

Piles  35  feet  to  41  feet  long. 

Penetration  8  inches  with  20^ 
to  25  It.  fall  when  20  ft.  in 
ground. 


Clay  at  15  feet. 


These  finding  clay    at    15  feet 

down. 
These  finding  no  stiff  material. 

Driven  8  ft.  or  more  in  clay, 
and  moving  much  less  per 
blow  when  3  ft.  or  4  ft.  in  clay 
than  at  last  blow. 


Driven  8  ft.  to  10  ft.  in  clay. 


Piles  used  were  of  spruce,  and  about  10  inches  diameter  at  surface  of 
ground. 

On  three  occasions  piles  driven  20  feet  or  more  in  the  ground,  with 
penetration  of  about  12  inches  by  last  blow  with  25  feet  fall,  were  again 
struck  after  12  or  more  hours  with  the  same  fall,  the  consequent  penetra- 
tion being  only  3  to  4  inches. 
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(Vol.  VII.     March,  1878.) 


Oj^  a  new  method  of  detecting  overstrain 

IN  IRON  AND  OTHER  METALS,  AND  ON  ITS    APPLICATION    IN   THE 

INVESTIGATION  OF  THE  CAUSES  OF  ACCIDENTS  TO 

BRIDGES  AND  OTHER  CONSTRUCTIONS. 


A  Paper  by  Eobeet  H.  Thurston,  C.  E.,  Member  of  the  Society. 
Bead  Maech  20th,  1878. 


It  lias  been  shown  by  the  writer  *  and  by  other  investigators  that, 
when  a  metal  is  subjected  to  stress  exceeding  that  required  to  strain  it 
beyond  its  original  aj^parent,  or  "primitive,"  elastic  limit,  this  prim- 
itive elastic  Hmit  becomes  elevated,  and  that  strain-diagrams  obtained 
aiitographieally,  or  by  carefully  plotting  the  results  of  well  conducted 
tests  of  such  metal,  are  "the  loci  of  the  successive  limits  of  elasticity  of 
the  metal  at  the  successive  positions  of  set."t 

It  has  been  shown  by  the  writer  also  that,  at  the  successive  j)osi- 
tions  of  set,  strain  being  intermitted,  a  new  elastic  limit  is,  on  renewing 
the  application  of  the  distorting  force,  found  to  exist  at  a  point  which 

*  See  Trans.  Am.  Soc.  C.  E.,  1874,  et  seq.,  Journal  Franklin  Institute,  1874  ;  Van  Nos- 
trand's  Eclectic  Engineering  Magazine,  1874,  etc.,  etc. 

t  On  the  strength,  etc.,  of  Materials  of  Construction.  1874,  Sec.  20. 
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approximately  measures  the  magnitude  of  the  load  at  the  moment  of 
intermission.* 

It  has  been  still  further  shown  by  the  writer,  and  by  Commander 
Beardslee,  U.  S.  N.,  by  direct  experiment  in  the  Mechanical  Laboratory  of 
the  Stevens  Institute  of  Technology,  and  at  the  Washington  Navy  Yard, 
that  the  normal  elastic  limit,  as  exhibited  on  strain-diagrams  of  tests 
conducted  without  intermission  of  stress,  is  exalted  or  depressed  when 
intermission  of  distortion  occurs,  according  as  the  metal  belongs  to  the 
iron  or  to  the  tin  class,  f  This  elevation  of  the  normal  elastic  limit  by 
intermitting  strain  is,  as  has  been  shown,  variable  in  amount  with  different 
materials  of  the  iron  class  and  the  rate  at  which  this  exaltation  pro- 
gresses is  also  variable.  With  the  same  material  and  under  the  same 
conditions  of  manufactui'e  and  of  subsequent  treatment,  the  rate  of 
exaltation  is  quite  definite  and  may  be  exjDressed  by  a  very  simple 
formula.  The  writer  has  experimented  with  bridge  material,  and  Com- 
jnander  Beardslee  has  examined  metal  specially -adapted  for  use  in  chain 
cables,  for  which  latter  jjurpose  an  iron  is  required,  as  in  bridge  building, 
to  be  tough  as  well  as  strong  and  uniform  in  structure  and  composition. 
The  experiments  of  the  latter  investigator  have  extended  to  a  wider  range 
than  have  those  of  the  wi-iter,  and  the  effect  of  the  intermission  of 
strains  considerably  exceeding  the  primitive  elastic  limit  has  been  de- 
termined by  him  for  periods  of  from  one  minute  to  one  year.  |  From  a 
study  of  the  results  of  such  researches  and  from  a  comparison  with  the 
latter  investigation,  which  was  found  to  be  confirmatory  of  the  deduc- 
tion, the  writer  has  found  that,  with  such  iron  as  is  here  described,  the 
process  of  exaltation  of  the  normal  elastic  limit  due  to  any  given  degree 
of  strain  usually  nearly  reaches  a  maximum  in  the  course  of  a  few  days 
of  rest  after  strain,  its  progress  being  rapid  at  first  and  the  rate  of 
increase  quickly  diminishing  with  time.  For  good  bridge  irons,  the 
amount  of  the  excess  of  the  exalted  limit,  as  shown  by  subsequent  test, 
above  the  stress  at  which  the  load  had  been  previously  removed  may  be 
expressed  approximately  by  the  formula  : 

E'  =5  Log.  r  +  1.50  per  cent. ; 
in  which  the  time,    T,   is   given  in  hours  of  rest  after  removal   of  the 
tensile  stress  which  produced  the  noted  stretch. 

*  On  the  Mechanical  Treatment  of  Metals  ;  Metallurgical  Review,  1877  ;  Engineering  and 
Mining  Journal,  1877. 

t  Trans.  Am.  Soc.  C.  E.,  1877. 

t  The  result  on  this  investigation  is  completed  and  will  be  presented  to  the  President  of  the 
United  States  by  the  United  States  Board  appointed  to  test  iron,  steel,  etc. 
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Thus,  iu  the  figure,  wliicli  is  a  facsimile  of  a  part  of  a  strain-diagram 
produced  by  such  an  iron,  during  a  test  in  which  the  intermission  of 
stress  was  of  too  brief  duration  to  cause  an  observable  exaltation  of  the 
normal  elastic  limit  in  a  diagram  drawn  on  so  small  a  scale,  the  point  E 
is  the  primitive  elastic  limit  of  the  material,  and  E^  E^^  E^^^  E^^',  are 
the  normal  elastic  limits  corresponding  to  sets  under  loads  which  have 
strained  it  beyond  that  primitive  elastic  limit.  In  the  example  here 
illustrated,  the  primitive  limit  is  found  at  about  20,000  pounds  per 
square  inch,  or  1,400  kilograms  -pev  square  centimeter,  and  the  other 
points  are  those  corresponding  to  loads  of,  resiiectively,  21,000,  22,500, 
25,000  and  30,000  poimds  on  the  inch,  or  to  1  -170,  1  575,  1  750  and 
2  100  kilograms  on  the  square  centimeter.  The  corresponding  exten- 
sions, as  shown  on  the  diagram,  are  1.25,  2.53,  4.50  and  6.78  jjer  cent. 

Had  the  stress  been  intermitted  at  either  of  these  points  any  consid- 
erable period  of  time,  there  would  have  been  observed  a  rise  in  the  dia- 
gram as  above  stated  like  that  shown  in  Fig.  1,  at  E""'  the  normal  elastic 
limit  e,  being,  on  subsequent  test,  found  altered  and  a  new  limit,  e', 
observed.  The  extent  of  this  elevation  of  the  limit  would  be  the  greater 
as  the  time  of  rest  was  greater,  as  already  seen. 

Thus,  it  is  seen  that  a  metal,  once  overstrained,  carries,  permanently, 
unmistakable  evidence  of  the  fact*  and  can  be  made  to  reveal  the  amount 
of  such  overstrain  at  any  later  time  with  a  fair  degree  of  accuracy.  This 
evidence  cannot  be  entirely  destroyed,  even  by  a  moderate  degree  of 
annealing.  Often,  only  annealing  from  a  high  heat,  or  reheating  and 
reworking,  can  remove  it  absolutely.     Thus,  too,  a  structure,   broken 


*  The  writi  r  has  found  by  subsequent  tests,  that  transverse  strain  produces  the  same  effect 
upon  the  elastic  limit  for  tension. 
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down  by  causes  produciug  overstrain  in  its  tension  members,  or  in  its 
transversely  loaded  beams  (and,  probably,  in  compression  members — 
altliough  the  writer  is  not  yet  fully  assured  of  tlie  latter),  retains  in  every 
piece  a  register  of  the  maximum  load  to  which  that  piece  has  ever  been 
subjected  ;  and  the  strain-sheet  of  the  structure,  as  strained  at  the  instant 
of  breaking  down,  can  be  thus  laid  down  with  a  fair  degree  of  certainty. 

Here,  then,  when  the  work  above  detailed  shall  have  been  properly 
complemented  with  experimental  determinations  of  the  behavior  of  all 
the  materials  of  general  use  in  construction,  may  be  found  a  means  of 
tracing  the  overstrains  which  have  resulted  in  the  destruction  or  the 
injury  of  any  iron  or  steel  structure,  and  of  ascertaining  the  cause  and 
the  method  of  its  failure,  in  cases  frequently  happening  in  w-hich  they 
are  indeterminable  by  any  of  the  usual  methods  of  investigation. 

The  fact  of  the  normal  variation  of  the  elastic  limit,  as  change  of 
form  progresses  lander  gradually  increased  load,  has  been  well  estab- 
lished by  the  experiments  of  Hodgkinson,  Clark,  Mallett,  and  other 
English  investigators  ;  by  Tresca,  particularly,  in  France  ;  by  Werder 
and  Bauschinger  in  Germany,  and  by  Beardslee,  the  writer  and  others  in 
the  United  States. 

The  exaltation  of  the  series  of  normal  limits  so  j^roduced,  still  further, 
as  shown  hj  the  writer  and  as  seen  in  Fig.  1,  by  the  intermission  of 
strain,  as  at  E^\  is  also  a  matter  of  no  uncertainty  as  to  its  character, 
although  much  more  study  is  needed  to  determine  the  modifying  effects 
of  time  of  intermission  on  metals  of  the  two  great  classes  and  of  differing 
composition.  The  method  above  outlined  of  determining  the  extent  of 
previous  overstrain  may  therefore  be  expected  to  have  many  useful 
applications. 

In  illustration  of  an  application  of  the  facts  thus  reviewed  to  the 
determination  of  the  causes  and  the  method  of  the  injury  or  the  destruc- 
tion of  a  structure,  assume  the  existence  of  a  set  of  conditions  which  is 
familiar  to,  probably,  every  engineer  in  the  country  who  has  seen  much 
of  the  Howe  truss,  and  of  some  other  forms  of  bridges,  as  frequently 
built  before  the  present  generation  of  professional  bridge  builders  effected 
a  revolution  in  that  department  of  engineering  construction. 

Suppose  one  of  these  bridges  to  have  been  Ijuilt  with  a  span  of  150 
feet  and  to  have  been  given  such  proportions  that,  with  aw^eight  of  1,200 
pounds  per  rimning  foot  and  a  load  of  one  ton  per  running  foot,  the 
maximum  stress  on  end-rods,  or  other  members  most  strained,  is  as  high 
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as  20  000  poiuiils  i)t'r  sijuaro  inch  of  section  oi'  metal.  Suppose  this 
bridge  to  have  its  teusioii  members  composed  of  a  fair,  but  unrefined, 
iron,  having  an  elastic  limit  at  about  17  000  jjounds  per  inch,  and  a 
tenacity  of  45  000  to  48  000  i^ouuds,  and  with  an  extensibility  of  about 
20  per  cent. 

Suppose  this  structure  to  break  down  under  a  load  exceeding  that 
usually  sustained  in  ordinary  work,  and  the  cause  of  the  disaster  to  be 
"involved  in  mystery." 

Sui5i>ose  portions  of  the  several  tension  members  to  be  subsequently 
removed,  and,  a  few  days  after  the  accident,  to  be  carefully  tested,  with 
the  following  results  : 

Elastic  Limit.   Tenacity. 

Sample  No.  1 16  500  46  000 

"  2 18  000  48  000 

"  3 30  000  48  000 

"  4 22  500  50  000 

"  5 25  000  52  000 

"  G  27  500  52  000 

"  7 28  000  52  000 

"  8 30  000  52  000 

"  0 32  000  53  000 

"10 31  000  53  000 

And  that  the  extensibility  is  found  to  be  as  little  as  from  ten  to  fifteen 
lier  cent. 

Suppose  it  to  be  found  that  the  tension  members  were  straight  bolts 
without  ujjset  ends,  the  threads  being  cut,  as  was  once  common,  in 
such  a  manner  that  the  section  at  the  bottom  of  the  thread  is  one-third 
less  than  the  sectional  area  of  the  body  of  the  bar.  Supjjose,  finally, 
that  the  location  of  the  tested  pieces  in  the  structure  being  noted,  it  is 
found  that  the  stronger  metal,  having  also  the  highest  elastic  limit,  came 
from  the  neighborhood  of  the  point  at  which  the  bridge  gave  way,  and 
that  the  weakest  metal  and  that  exhibiting  the  lowest  elastic  limit  came 
usually  from  points  more  or  less  remote  from  the  break.  It  is  not  likely 
that  in  all  cases  the  increase  in  the  altitude  of  the  elastic  limit  and  the 
increase  noted  in  the  ultimate  strength  of  the  samples  would  exhibit  a 
regular  order  coincident  with  the  order  of  the  rods  as  to  position  in  the 
structure  ;  since  the  magnitude  and  the  arrangement  of  the  bars  would, 
to  a  certain  extent,  determine  the  relative  amounts  of  strain  thrown  uiDon 
them  by  overloading  any  one  part  of  the  truss.  For  present  purposes 
we  may  assume  the  order  of  arrangement  to  be  thus  coincident. 

On  examination  of  the  figures  as  above  given,  the  engineer  would 
conclude  :  First,  that  the  original  apparent  elastic  limit  of  the  iron  used 
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in  this  case  must  have  been  not  far  from  17  000  pounds  per  square  inch 
and  that  its  tenacity  was  between  46  000  and  48  000  pounds  ;  secondly, 
that  this  primitive  elastic  limit  had  been  elevated,  by  subsequent  loads 
exceeding  that  amount,  to  the  higher  figures  given  by  the  bars  numbered 
from  3  to  10  inclusive  ;  thirdly,  that  the  ultimate  strength  of  the  material 
had  been,  in  some  examples  given  above,  increased  by  similarly  inter- 
mitted strain. 

It  would  be  concluded  that  the  ordinary  loads,  siich  as  had  been  car- 
ried previously  to  the  entrance  upon  the  bridge  of  that  which  caused  its 
destruction,  never  exceeded,  in  their  straining  action,  16  500  pounds  per 
square  inch  of  section  of  tension  rod  at  the  part  of  the  truss  from  which 
No.  1  had  been  taken,  and  that  the  other  rods  tested  had  carried,  prob- 
ably, at  the  time  of  the  accident,  loads  approximately^  equal  to  those 
required  to  strain  them  to  the  extent  measured  by  their  elastic  limits  at 
the  time  of  testing  them. 

It  would  be  concluded  that  the  rod  from  which  No.  10  was  cut  was 
either  that  most  strained  by  the  load,  and  therefore  nearest  the  point  of 
fracture  of  the  truss,  or  that  it  was  very  near  that  point,  and  it  would  be 
made  the  basis  of  comparison  in  further  studying  the  case. 

As  this  elastic  limit  approaches  most  nearly  the  breaking  strength  of 
the  metal,  we  may  apjaly  the  formula  for  the  elevation  of  the  elastic 
limit  with  time  after  intermitted  strain  which  has  been  above  given  a& 
derived  from  tests  of  a  metal  of  very  similar  quality.  Taking  the  time 
of  intermission  as  one  week,  the  extent  of  the  increase  has  a  probable 
value  not  far  from  £"  =^  5  log.  168 -|- 1.5  =  nearly  12^  per  cent.  The 
magnitude  of  the  stress  upon  this  piece  at  the  time  of  the  accident  was 
therefore  34  000  less  one-ninth  of  that  value,  or  about  30  000  pounds  per 
square  inch  of  cross-section  of  the  bar.  This  corresponds  to  about  45  000 
pounds  per  square  inch  at  the  bottom  of  the  thread,  and  is  within  five  per 
cent,  of  the  primitive  breaking  strengtli  of  the  iron.  The  bar,  if  broken 
at  the  screwed  portion,  has  therefore  yielded  either  under  a  dead  load 
which  was  at  least  equal  to  its  maximum  resistance,  or  under  a  smaller 
load  acting  so  suddenly  as  to  have  the  efi'ect  of  a  real  "  live  load. "  Or  the 
slight  difference  here  noted  may  be  due  to  a  flaw  at  the  point  of  fracture. 
However  that  may  be,  it  is  almost  certain  that  the  body  of  the  rod  has 
sustained  a  stress  of  not  far  from  30  000  pounds  per  square  inch. 

But  it  is  found,  on  further  investigation,  that  the  load  on  the  struc- 
ture at  the  time  of  the  accident  was  but  sufficient  to  make  the  maximum 
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stress  on  tliese  rods — if  properly  distributed — 20  000  pounds  per  square 
inch  at  the  threaded  part  of  the  piece  ;  which  jDiece,  it  has  been  seen,  has 
been  broken  by  a  strain  nearly  double  that  figure.  The  fact  is  at  once 
inferable  that  the  load  came  upon  these  members  "with  such  suddenness 
as  to  have  at  least  the  effect  of  a  live  load  (as  taken  in  the  text-books)  and 
giving  a  maximum  stress  equal  to  twice  that  produced  by  the  same  load 
gradually  applied,  /.  e.,  the  case  in  which  the  load  falls,  through  a  height 
equal  to  the  extension  of  the  jjiece  strained  by  it,  the  resistances  being 
assumed  to  increase  directly  as  the  extension  up  to  the  point  of  rupture, 
— an  assumption  which  is  approximately  correct  for  brittle  materials  like 
hard  cast  iron,  but  quite  erroneous  in  the  case  of  some  diictile  materials, 
which  latter  sometimes  give  a  "work  of  ultimate  resistance"  amounting 
to  three-fourths  or  even  five-sixths  of  the  j)rodiict  of  maximum  resistance 
by  the  extension. 

This  accident  was  therefore  caused  by  the  entrance  upon  the  bridge 
of  a  load  capable  of  straining  the  metal  to  about  one-half  of  its  ultimate 
strength,  if  slowly  applied,  but  which,  in  consequence  of  its  sudden 
application,  doubled  that  stress. 

This  sudden  action  may  have  been  a  consequence  either  of  its  coming 
upon  the  structixre  at  a  very  high  speed,  or  a  result  of  the  loosening  of 
a  nut,  or  of  the  breaking  of  a  i^art  of  either  the  bridge  floor  or  of  one  of 
the  trucks  of  the  train.  The  latter  occurrence,  permitting  the  load  to 
fall  even  a  very  small  distance,  would  be  sufficient. 

This  pajjer  is  not  jiresented  as  a  perfectly  satisfactory  statement  of 
definite  facts  from  which  absolutely  reliable  conclusions  can  be  drawn. 
The  whole  subject  is  deserving,  however,  of  veiy  careful  and  very  ex- 
tended experimental  investigation,  and  the  writer  has  been  able  to  obtain 
but  a  small  amount  of  satisfactory  definite  information  in  regard  to  it 
as  yet.  The  figures  given  do  not  exactly  represent  those  obtained  from 
any  actual  case.  They  do,  however,  fairly  illustrate  the  limited  exjje- 
rience  of  the  writer,  and  are  nearly  exact  for  at  least  one  case  ;  they  may 
serve  to  indicate  the  possi))le  value  of  the  cautious  application  of  the 
method  here  outlined  of  studying  the  causes  of  such  accidents  as  are  con- 
sidered in  the  hyi)othetical  case  here  taken. 

The  same  method  may  sometimes  be  used  to  ascertain  the  probable 
cause  of  a  boiler  explosion  by  determining  whether  the  metal  has  been 
subjected  to  overstrain  in  consequence  of  overpressure.  The  causes  of 
accidents  to  machinery  may  also  be  thus  detected,  and  many  other 
applications  will  suggest  themselves  to  every  engineer. 
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STEAM  ENGINE  ECONOMY. 

A    UNIFORM    BASIS    FOR    COMPARISON. 


A  Pai:>er  by  Charles  E.  Emery,  M.  E.,  Member  of  the  Society. 


In  Avriting  a  general  report  on  the  exhibits  referred  to  the  judges  of 
Grotii^  XX,  Centennial  Exhibition,  the  writer  compared  the  facts  available 
in  regard  to  the  economy  of  steam-engines  of  various  kinds  on  the  uni- 
form l:)asis  that  the  boiler  is  capable  of  absorbing  10  000  heat-units  jier 
pound  of  coal  consumed.  This  corresponds  to  an  evajjoration  of  8.99 
pounds  of  water  at  80  pounds  pressure,  9.03  pounds  at  60  pounds  pres- 
sure, or,  9.08  pounds  at  40  pounds  j^ressure  from  a  temperature  of  100° 
in  each  case.  This  evaporation  is  higher  than  is  usually  obtained,  but 
has  been  so  much  exceeded  in  practice*  that  it  is  not  considered  too 
high  for  a  basis  of  comparison.  The  basis,  moreover,  enables  the 
duty  of  i5umi)ing-engines  and  other  steam  machinery  to  be  ascertained 
and  expressed  in  a  very  ready  and  convenient  manner.  Ten  thousand 
heat-units  per  pound  of  coal  is  equivalent  to  one  million  heat-units  per 
100  x)ounds  of  coal,  and  as  the  duty  of  pumping-engines  is  convention- 
ally exjiressed  in  millions  of  foot-pounds  per  100  pounds  of  coal,  it 
follows  on  the  basis  presented  that  the  number  of  foot-pounds  per  heat-unit 

*  See  examples  at  page  75  of  the  report  referred  to. 
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represents  cdso  tlie  niimher  of  millions  of  foot-pounds  duty  p^er  1()^  pounds 
of  coal.  The  performance  of  all  kinds  of  steam-engines  may  be  readily 
compared  on  tliis  basis.  The  simplest  application  is  in  testing  vacuum- 
pumps,  the  duty  of  which  may  be  readily  ascertained  by  noting  the 
iieight  of  lift,  and  the  initial  and  final  temperatures  of  the  water  lifted. 
All  the  heat  of  the  steam  not  expended  in  work  enters  the  water,  and 
the  work  performed  lifts  the  same  water.  The  difference  in  temperatiu-e 
gives  very  nearly  the  number  of  heat-units  imparted  to  each  pound  of 
water  lifted,  and  each  pound  of  water  so  heated  is  lifted  a  certain  number 
of  feet  high,  so  the  result  may  be  expressed  readily  in  foot-pounds  per 
Jieat-iiuit,  which,  as  before  stated,  equals  also,  on  the  basis  presented, 
ihe  number  of  millions  of  foot-pounds  duty  per  100  pounds  of  coal.  For 
ordinary  comparisons  the  number  of  millions  duty  equals  the  lift  divided 
by  the  difference  between  the  initial  and  final  temperatures  of  the  water. 
For  more  accurate  computations,  the  divisor  should  be  increased  by  the 
number  of  heat-units  expended  for  work  per  pound  of  water  lifted, 
v\^hich  equals  the  height  divided  by  772.  The  height  jjreferably  should 
be  calculated  from  the  indications  of  a  pressure-gauge  at  the  bottom  of 
the  discharge-pipe,  so  as  to  include  frictional  resistances.  If  D  --=:  duty 
in  f oot-poimds  per  100  pounds  of  coal,  H  =  the  height  of  lift  i^er  gauge, 
.and  t  and  T  =  the  initial  and  final  temperatures  respectively,  then 

1000  000  g 
~  r  — /  +  .U0i:3  H. 

Arrangements  have  been  made  by  the  writer  to  use  the  same  basis  in 
testing  ijumping-engines,  by  discharging  water  from  the  hot  well  into 
the  suction  of  the  main  pumps,  and  noting  with  delicate  thermometers 
the  resulting  increase  of  temperature  of  the  water  lifted. 

A  vacuum-ijump  tested  by  the  writer  in  1871  gave  a  duty,  on  the 
above  basis,  of  4i%  millions  ;  one  tested  by  Mr.  J.  F.  Flagg  at  the  Cin- 
cinnati Exhibition  in  1875,  reduced  to  the  same  basis,  gave  a  maximum 
duty  of  3  rgV  millions.  Several  vacuum  and  steam-pumps  tested  on  this 
basis  at  the  suggestion  of  the  writer  about  two  years  since,  gave  duties 
reported  as  high  as  10  000  000  to  11  000  000,  the  very  small  steam-pumps 
<Joing  no  better  aiiparently  than  the  vacuum-pumps,  which  is  by  no 
means  surprising.  Elaborate  experiments  made  with  steam-j^umps  at 
the  American  Institute  Exhibition  of  1867,*  showed  that  average-sized 


*  See  report  of  Messrs.  Holmes,  Selden,  and  Emery,  judges,  &c.,  Trausactions  American 
Institute,  1867-G8. 
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steam-i5umps  do  not,  on  the  average,  utilize  more  than  50  per  cent,  of 
the  indicated  power  in  the  steam-cylinders,  the  remainder  being  absorbed 
in  the  friction  of  the  engine,  but  more  i^articularly  in  the  passage  of  the 
water  through  the  pump.  Again,  all  ordinary  steam-pumps  for  mis- 
cellaneous uses  require  that  the  steam-cylinder  shall  have  3  to  4  times 
the  area  of  the  water-cylinder  to  give  sufficient  power  when  the  steam 
is  accidentally  low ;  hence,  as  siich  piimps  usually  work  against  the 
atmosjiheric  pressure,  the  net  or  eflfective  pressure  forms  a  small  per- 
centage of  the  total  jDressure,  which,  with  the  large  extent  of  radiating 
surface  exposed  and  the  total  absence  of  expansion,  makes  the  expenditure 
of  steam  very  large.  One  pump  tested  by  the  writer  required  120  pounds 
weight  of  steam  per  indicated  horse-power  jjer  hour,  and  it  is  believed 
that  the  cost  will  rarely  fall  below  60  jjounds  ;  and  as  only  50  per  cent. 
of  the  indicated  power  is  utilized,  it  may  be  safely  stated  that  ordinary 
steam-pumps  rarely  require  less  than  120  pounds  of  steam  per  hour  for 
each  horse-power  utilized  in  raising  water,  equivalent  to  a  duty  of  only 
15  000  000  foot-pounds  per  100  jjounds  of  coal  on  the  same  basis  adoi)ted 
for  the  vacuum-i^umps.  "With  larger  steam-pumps,  jjarticularly  when 
they  are  i^roportioned  for  the  work  to  be  done,  the  duty  will  be  materially 
increased. 

Ten  tliousaud  heat-units  jier  pound  of  coal  represents  an  ultimate 
efficiency  of  only  (10  000  X  100  ^  14  500  =)  69  per  cent,  of  the  calorific 
value  of  anthracite  coal,  so  that  ordinarily  more  than  (100  —  69  ;=)  31  per 
cent,  of  the  heat  in  the  fuel  is  carried  to  waste  up  the  chimney.  A  still 
greater  loss  is,  however,  experienced  in  utilizing  the  steam  for  the  iniv- 
pose  of  work  in  the  engine.  The  mechanical  equivalent  of  one  heat-unit 
is  772  foot-pounds,  which,  on  the  basis  referred  to  above,  corresponds 
to  a  duty  of  772  millions  of  foot-pounds  per  100  pounds  of  coal.  The 
most  economical  steam  engines,  for  instance,  pumping-engines  of  ap- 
proved types,  utilize  in  the  steam-cylinder  only  about  130  millions^ 
on  the  same  basis,  equivalent  to  an  ultimate  efficiency  of  (130  X 
100-^772  =)  16.84  per  cent,  of  the  heat  in  the  steam,  and  but  (16.84  x 
.69  =)  11.62  per  cent,  of  the  calorific  value  of  the  fuel.  The  principal 
reason  for  this  is  that  the  exhaust  steam  necessarily  carries  to  waste  the 
heat  required  to  maintain  it  in  a  vaporous  state  at  the  tension  due  to  the 
back  pressure.  This  under  the  most  favorable  circumstances  forms  the 
larger  proportion  of  the  total  heat  of  the  steam  and  reduces  the  opportu- 
nities for  securing  economy  within  small  limits  compared  with  the  theo- 
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retical  limit,  altboiigli  the  differences  between  the  performances  of  differ- 
ent engines  are  gi'eat  when  compared  one  with  another.  * 

Means  for  securing  economy  in  steam-engines  may  be  divided  into 
two  classes,  viz.,  those  of  a  mechanical  nature  and  those  which  influence 
the  thermal  conditions.  As  to  the  first,  the  necessity  of  securing 
tight  iiistons  and  valves,  amjile  area  of  cylinder  ^lassages,  reduced  clear- 
ances, etc.,  are  well  understood,  also  the  incidental  advantages  due  to  a 
certain  degree  of  comj^ression.  Those  of  the  second  class  act  to  reduce 
the  cylinder  condensation,  and  include  high  speeds  of  revolution,  steam 
superheating,  steam-jacketing,  and  the  compounding  of  engines.  High 
speed  of  revolution  (which  does  not  necessarily  imj)ly  high  piston  speed, 
as  generally  understood)  secures  economy,  by  reducing  the  time  in  which 
the  transfers  of  heat  to  and  from  the  steam  and  inclosing  walls  must  take 
place,  t 

Superheating  the  steam  has  experimentally  proved  effective  for  mode- 
rate rates  of  expansion,  in  which  the  original  temperature  required  to 
maintain  the  gaseous  condition  of  the  steam  to  the  point  of  release  was 
not  too  high  to  prevent  jjroper  lubrication.  Mr.  Geo.  P.  Dixwell,  of 
Boston,  Massachusetts,  has  applied  a  thermometer  to  a  steam-cylinder, 
by  inspection  of  which  it  is  jaossible  to  regulate  the  temperature  so  as  to 
prevent  injury  to  the  metal  surfaces.  The  great  difficulty  is,  however,  to 
secure  a  permanent  and  reliable  superheating  apparatus.  Steam-jacket- 
ing has  to  a  limited  extent  advantages  of  the  same  kind  as  superheating, 
and  involves  no  serious  difficulties  in  management.  The  jackets  are 
most  eflPective  on  long  cylinders  of  small  diameter.     In  experiments  with 

*  In  view  of  discussions  in  progress  at  the  date  of  writing  on  the  proper  details  of  a  theo- 
retically perfect  steam-engine,  it  is  proper  to  mention  that  in  the  year  1868  the  writer  designed 
and  partially  constructed  a  non-exhausting  experimental  engine  in  which  the  steam,  after  ex- 
pansion in  the  cylinder,  was  to  be  circulated  through  another  vessel,  to  withdraw  the  water  due 
to  the  performance  of  work;  the  dry  steam  was  then  to  be  returned  to  the  cylinder  and  com- 
pressed, which  it  was  expected  would  require  less  power  than  the  expansion  would  furnish, 
and  suiScient  steam  only  be  received  from  the  boiler  to  supply  that  condensed  for  work.  A  de- 
monstration of  the  correctness  of  the  principle  only  was  intended,  the  power  expected  being 
so  small  that  the  experimental  engine  was  to  be  connected  to  another  to  keep  it  in  motion. 
Before  the  apparatus  was  completed  the  funds  were  diverted  to  objects  of  greater  immediate 
necessity,  and  the  subject  is  mentioned  only  as  indicating  the  general  principle  upon  which  a 
theoretically  perfect  steam-engine  may  be  constructed.  See  description  of  the  apparatus  in 
article  on  the  '•Theoretical  Steam-Eugiue,"  Scientific  American  Supplement,  August  18,  1877. 
See  also  ProC.  Thurston's  calculations  on  a  similar  subject  in  Journal  of  the  Franklin  Institute, 
October,  November  and  December,  1877. 

t  The  value  of  this  saving  was  determined  by  the  writer  for  the  Novelty  Iron  Works,  Mr. 
Horatio  Allen,  President,  in  the  year  18G8,  and  embodied  in  a  series  of  tables  showing  the 
relative  power  and  economy  of  different  sizes  of  steam-engines,  which  tables  were  afterwards 
published  by  Prof.   W.  P.  Trowbridge,  the  former  Vice-President  of  the  company. 
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United  States  revenue  steamers,  hereinafter  mentioned,  the  economy  of  a 
steam-jacket  on  a  comparatively  short  cylinder  was  found  to  be  11  to  12 
per  cent. 

Compound  engines,  in  addition  to  advantages  of  a  mechanical  nature, 
in  better  distributing  the  strains  and  rendering  more  uniform  the  rota- 
tive efforts,  serve  also  to  reduce  cylinder  condensation  by  the  distribu- 
tion of  the  differences  of  temperature  between  two  cylinders.  The 
radiation  to  and  from  the  steam  and  its  inclosing  walls  increases  more 
rapidly  than  the  difference  in  temperature,  so  that  the  aggregate  loss, 
when  the  difference  of  temperature  is  divided  between  two  cylinders,  is 
less  than  when  it  all  occurs  in  a  single  cylinder.*  Moreover,  the  heat  im- 
parted to  the  exhaust  steam  by  the  metal  of  the  first  cylinder  is  available 
for  work  in  the  second,  and  the  low-pressure  piston  acts  as  a  screen  be- 
tween the  high  temperature  in  the  small  cylinder  and  the  low  tempera- 
ture in  the  condenser. 

It  is  stiU  strenuously  denied  by  many  that  greater  economy  can  be 
secured  with  a  compound  engine  than  with  a  long-stroke  single  engine, 
using  the  same  steam  pressure.  There  are  coasting  steamers  of  similar 
size  running  regularly  in  the  United  States  using  both  types  of  engine, 
w'ith,  it  is  claimed,  substantially  the  same  results  ;  but  the  boilers  for  the 
single  engines  are  evidently  the  more  economical,  making  an  accurate 
comparison  impossible.  Strictly  comparative  experiments  have,  how- 
ever, been  made  by  Chief  Engineer  C.  H.  Loring.  U.  S.  N.,  and  the 
writer  with  engines  of  different  kinds  in  the  steamers  of  the  United  States 
Kevenue  Marine,  and  by  the  writer  with  some  of  those  of  the  United 
States  Coast  Survey,  f 

The  revenue  steamers  were  of  the  same  size  and  the  boilers  very  nearly 
identical.  In  one  steamer  was  a  comj^ound  engine  with  steam -jacketed 
cylinders  ;  in  another,  a  long-stroke,  high -pressure  condensing  engine 
(cylinder  not  jacketed) ;  in  another  an  ordinary  low-pressure  engine  (cylin- 
der not  jacketed) ;  and  in  still  another,  a  high-pressure  condensing  en- 
gine mth  a  jacketed  cylinder.  The  compound  engine  showed  a  saving 
of  12  to  16  per  cent,  com^jared  with  the  best  performance  of  either  single 

*  See  article  by  the  writer  in  American  Artizan,  March  8,  1871. 

t  See  article  by  the  writer  on  "  Compound  and  Non-Conipoimd  Engines,"  Transactions 
American  Society  of  Civil  Engineers,  vol.  iii,  p.  68,  1875  :  Journal  of  the  Franklin  Institute,  Feb- 
ruary and  March,  1875  ;  Engineering  (Lnndon),  January,  February  and  March,  1875  ;  Proceed- 
ings of  Institution  of  Civil  Engineers  (British),  vol.  xl.,  p.  292,  and  vol.  xli,  p.  29G;  also  Report 
of  trial  of  United  States  Revenue  steamer  Gallatin,  Journal  of  the  Franklin  Institute,  February, 
J876,  and  vol.  xxi.,  Engineering,  1876. 
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engine  when  operated  at  the  same  steam  pressure.  It  is  believed  that 
substantially  the  same  differences  will  be  found  in  all  cases  when  eqixallv 
good  engines  of  both  types  are  comj)ared.  The  performance  of  a  short- 
stroke  compound  engine  may  be  equalled  or  even  excelled  by  that  of  a 
long-stroke  single  engine,  on  account  simply  of  the  difference  in  clear- 
ance spaces  and  the  superior  eflSciency  of  the  steam-jacket  in  the  latter 
case,  but  by  making  the  compound  cylinders  in  the  same  form  they 
should  still  show  an  advantage.  In  i:)ractice,  the  economy  of  marine 
compound  engines  is  greater  than  above  mentioned,  for  the  reason  that 
the  high  steam  pressure  is  better  maintained  with  them  by  the  engineers 
than  when  single  cylinders  are  used  with  high  rates  of  expansion,  caus- 
ing diflficulties  in  management. 

The  following  table  shows,  in  line  1  the  performance  of  one  of  the 
Leavitt  compound  beam  pumping-engines,  at  Lawrence,  Massachusetts, 
and  in  line  2  that  of  the  engines  of  the  Rush,  one  of  the  revenue  steam- 
ers previously  referred  to  : 
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The  comparison  is  very  interesting.  In  both  engines  the  larger  cyl- 
inders are  of  the  same  diameter,  but  the  difference  in  the  duty  for  which 
the  engines  were  designed  required  great  differences  in  other  proportions 
and  in  all  the  details  of  construction.  In  the  iJumping- engine  for  use  on 
land  there  were  no  restrictions  as  to  weight  and  space,  so  a  comparatively 
long  stroke  could  be  employed  and  the  connections  made  through  a 
beam.  The  marine  engine  had,  however,  to  be  located  in  a  small  vessel, 
and  was  therefore  directly  connected  and  proportioned  accordingly. 
Yet  the  long-stroke  engine  was  run  with  so  much  expansion  and  at  so 
slow  a  speed  as  to  develop  less  power  than  the  smaller  one,  and  the  latter 
was  less  economical,  on  account  of  the  lower  steam  pressure  and  rate  of 
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exiDansion  and  the  relatively  greater  proportion  of  waste  room  in  the  cyl- 
inder, incident  to  the  necessary  nse  of  ordinary  slide-valves.  The  engine 
of  the  Rnsh  was,  however,  more  economical  than  the  ordinary  stationary 
compound  engines  used  for  manufacturing  iniriaoses,  as  the  latter,  accord- 
ing to  published  reports  in  the  engineering  journals,  require  the  evapor- 
ation of  not  less  than  20  pounds  of  water  for  each  indicated  horse-power. 
The  Lawrence  engine  contains  all  well  known  means  for  securing  maxi- 
miim  economy  of  steam,  and  it  is  jDrobable  that  few  if  any  engines  are 
working  with  greater  economy  in  resi^ect  to'  the  indicated  power.  The 
performance  is,  however,  much  below  that  given  by  calculation  when  all 
the  conditions  are  taken  into  consideration,  other  than  the  slight  distor- 
tion of  the  theoretical  indicator  diagram  found  in  practice  and  the  im- 
portant loss  due  to  cylinder  condensation. 

In  an  engine  using  a  total  pressure  of  (90  +  14.7  =)  104.7  pounds,  ex- 
panded 13.5  times  in  a  cylinder,  with  clearances,  etc.,  equal  to  .02  of  the 
disj^lacement,  the  calculated  cost  of  one  horse-power  per  hour,  or  1  980- 
000  foot-pounds,  should  be  only  8.12  pounds  of  water  evaporated  from 
the  initial  pressure,  on  the  basis  that  the  curve  of  expansion  is  hyper- 
Ijolic,  and  that  the  consumption  of  steam  equals  the  volume  at  the 
initial  pressure,  required  to  fill  the  cylinder  to  the  point  of  suppres- 
sion, plus  that  condensed  for  the  total  work.  With  a  pressure  of  100 
pounds  above  the  atmosphere,  and  an  exjiansion  of  20  times,  there 
should  be  required  on  same  basis  the  evaporation  of  only  G.OO  pounds  of 
water  per  indicated  horse-j^ower  per  hour.  It  is  i^robable  that  the  prac- 
tical results  obtained  with  the  latter  pressure  and  expansion  would  be 
little  or  no  better  than  those  from  the  Lawrence  engine,  on  account  of 
the  greater  cylinder  condensation  due  to  the  increased  expansion. 

The  above  calculated  performances,  and  the  jDractical  results  obtained 
with  engines  and  other  steam  machinery  of  various  kinds,  is  shown  in 
the  accompanying  table,  in  connection  with  the  relative  efficiencies  ob- 
tained by  considering  the  heat-units  in  the  steam  and  the  calorific  value  of 
the  fu.el.  The  table  and  a  iDortion  of  the  above  are  from  the  rej)ort  pre- 
viously mentioned,  and  the  references  are  to  pages  therein. 
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Comparative  Results  on  Basis  that  10,000 
Heat-Units  are  imparted  to  Water  per 
Pound  of  Coal.  See  pages  21  and  115.** 
Calculations  based  on  a  Temperature 

of  Feed  of  100°. 


Deschiption. 


Calculated  performance. 

Maximum 

Calculated  performance  (see 
page  1211)** 

Calculated  performance 

Lawrence     compound     beam 
'      pumping-engines 

U.  S.  Revenue  steamer  Rush,* 
compound  engine 

U.  S.  Revenue  steamer  Galla- 
tin,* vertical  cylinder  with 
steam-jacket 

U.  S.   Revenue   steamer  Dex- 
j      ter,*  vertical  cylinder  with- 
out steam-jacket 

U.  S.  Revenue  steamer  Dal- 
las,* vertical  cylinder  with- 
out steam-jacket 

U.  S.  steamer  Mackinaw, t  in- 
clined cylinder  without  jacket 

U.  S.  steamer  Mackinaw,  steam 
superheated 

Non-condensiug  engine,  with 
governor  cut  oS.X  (st.  jacket) 

Non-condensing  engines,  regu- 
lated by  throttle 


1 3  I  Pumping-engines 

14  Steam-pumps.     Large  size  proportioned  for  the  work  to  be  done 

15  Steam-pumps.     Small  sizes  for  ordinary  uses.     See  page  22** 

16  Vacuum-pumps.     See  page  21,**  also  page  61  herein 

17  I  Injectors  when  used  for  lifting  water  not  required  to  be  heated.    See  page  96** 


30  to  110 
15  to  30 
8  to  15 
3  to  10 
2  to  5 


*  See  references  in  foot-note,  page  119,**  alsot,  page  64  herein, 
t  See  vol.  ii.  Isherwood's  Experimental  Researches  in  Steam  Engineering,  pp.  77-116. 
t  American  Institute  Reports,  1869-70,  1870-71. 

*♦  General  Report  of  the  Judges  of  Group  XX,  Philadelphia  Int.  Exhibition.    Lippincott  &  Co., 
Philadelphia. 
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THE  INCLmE  PLANE  EAILROAD  AT  MADISON,  IND. 

ITS  HISTORY  AND  OPERATION. 


By  M.  J.  Becker,  C.E.,  Member  of  the  Society. 


The  history  of  the  Incline  Plane  Bailroad  at  Madison,  Indiana,  the 
changes  in  the  methods  of  its  operation,  and  the  information  which  may 
be  drawn  from  the  experience  of  its  working  during  a  i^eriod  of  more 
than  thirty  years  seem  to  present  matter  of  considerable  interest  to  en- 
gineers. I  have  been  able  to  secure  the  following  account,  which  has 
been  mainly  collected  by  Mr.  E.  Wells,  Master  Mechanic  of  the  Jeffer- 
sonville,  Madison  and  Indianapolis  Railroad,  and  which  contains  all  the 
reliable  information  it  has  been  practicable  to  gather  on  the  subject. 

The  Incline  Plane  at  Madison  was  constructed  under  the  supervision 
of  Thomas  Morris,  as  Chief  Engineer,  and  was  part  of  the  main  line  of 
road  between  Madison  and  Indianai^olis.  The  time  when  the  Plane  was 
first  opened  for  traffic  has  not  been  ascertained,  but  business  on  it  was 
carried  on  by  using  horses  to  draw  the  cars  up  until  the  fall  of  the  year 
1847. 

The  foot  of  the  incline  plane  is  3620  feet  from  the  depot  in  Madison 
(the  terminus  of  the  road).  This  track,  from  the  depot  to  the  foot  of  the 
incline  has  a  grade  averaging  1  in  110,  and  for  about  800  feet  next  the 
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foot  of  the  incline  is  on  a  curve  of  about  1000  feet  radius.  The  incline 
is  7040  feet  long,  and  the  grade  averages  1  in  17,  but  for  about  half  the 
distance  is  1  in  16.5,  and  at  two  places  is  a  little  heavier  than  that  from 
the  settling  of  the  embankment.  The  track  was  originally  straight,  but 
owing  to  the  sliding  of  the  embankment  at  a  point  near  the  centre  of  the 
incline,  it  was  slightly  curved  at  that  jilace.  The  gauge  of  the  track  was 
originally  the  same  as  it  is  now,  4  feet  8i  inches.  In  the  year  1845, 
M.  W.  Baldwin,  of  Philadelphia,  built  a  locomotive  called  the  De  Witt 
Clinton,  having  six  coupled  driving  wheels  42  inches  in  diameter  and 
cylinders  13  X  20  inches,  for  working  this  incline  ;  but  as  the  engine 
could  draw  but  two  cars  up  at  a  time,  de^^ending  on  its  weight  on  the 
rails  for  adhesion,  it  did  not  prove  satisfactory,  and  as  stated  before, 
horses  were  used  to  draw  the  cars  up  the  incline  until  the  year  1847. 
About  the  year  1845,  an  old  gentleman  named  Hoyt,  Avho  lived  near 
Dupont,  on  the  line  of  the  road,  fourteen  miles  from  Madison,  conceived 
the  idea  of  laying  a  cast  iron  rack  on  the  outside  of  the  rails  of  the  track, 
and  level  with  the  top  of  the  rails,  to  be  laid  on  steep  inclines  such  as 
this,  and  a  wheel,  or  segments  with  cogs  corresi^onding  to  those  in  the 
rack  was  to  be  attached  to  the  outside  of  one  of  the  driving  wheels  so 
that  when  the  locomotive  came  to  the  part  of  the  line  where  the  rack 
was  laid,  the  cogs  on  the  one  would  work  into  those  of  the  other,  pre- 
venting slipj)age,  the  tire  of  the  wheel  at  the  same  time  carrying  its 
Aveight  the  same  as  other  places.  To  obtain  the  requisite  jiower  to 
ascend  inclines,  Hoyt  proposed  to  have  a  pinion  wheel  arranged  so  as  to 
gear  into  the  wheel  attached  to  the  driving  wheel,  driving  the  pinion  by 
a  cylinder  and  crank  Avliich,  when  not  needed,  was  to  be  thrown  out  of 
gear.  Hoyt  had  a  rough  model  of  his  plan  and  explained  it  to  the 
officials  of  the  road  in  the  various  interviesvs  he  had  with  them  from  time 
to  time,  and  among  others,  to  Mr.  A.  Cathcart,  who  had  charge  of  the 
machinery  of  the  road  at  that  time.  It  seems  that  Hoyt's  plan  was  not 
considered  practicable,  and  he  met  with  but  little  encouragement,  but 
Cathcart,  soon  after,  perfected  his  own  ^jlan  which  he  carried  out  and 
put  in  practice  in  the  fall  of  the  year  1847.  He  evidently  was  indebted 
to  Hoyt  for  the  original  plan.  Yet  he  used  but  little  of  Hoyt's  plan,  ex- 
ceiJt  a  rack  and  a  wheel  to  work  in  it.  As  a  settlement  for  any  claims 
that  Hoyt  might  have  to  any  part  of  Cathcart's  arrangement,  tbe  latter 
paid  the  former  $1000  to  relinquish  all  claims  he  might  have  in  the  in- 
vention used. 
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Fig.  I.  Hoyt^s  Plan. 


Hoyt's  plau  is  represented  in  Fig.  1.  It  is  a  copy  of  Lis  original 
sketch. 

Catlicart's  plan  is  represented  in  Fig.  2.  His  locomotive  had  eight 
driving  wheels  coupled  in  the  usual  manner,  42  inches  in  diameter,  and 
a  pair  of  incHned  cylinders  16  inches  diameter  and'  20  inches  stroke  at- 
tached to  the  side  of  the  smoke  box,  as  shown  in  the  sketch.  In  addition 
to  this  the  engine  had  a  pair  of  vertical  cylinders  15  inches  diameter  and 
18  inches  stroke,  shown  at  B,  Fig  2.  These  cylinders  were  attached  to 
a  shaft  held  in  place  by  a  frame  connected  Avith  the  vertical  cylinders, 
and  also  the  frame  of  the  locomotive.  On  the  centre  of  this  shaft  was  a 
pinion  16  inches  in  diameter,  shown  at  C,  gearing  into  another  pinion 
shown  at  D,  which,  when  in  use,  geared  into  the  rack  laid  in  the  centre 
of  the  track  as  shown  at  E  and  F,  Fig.  2.  This  pinion,  D,  was  32  inches 
in  diameter,  and  was  movable  vertically  in  curved  jaws,  the  radius  of 
this  curvature  being  the  distance  from  the  centre  of  the  pinion  Cto  that 
of  the  pinion  D.  For  the  purpose  of  raising  the  jsinion  D  out  of  the 
rack  when  not  in  use,  and  also  for  holding  it  dowTi  in  place  to  j^revent  it 
from  slipping  out  of  gear  while  at  work,  a  cylinder  of  8  inches  in  diam- 
eter and  12  inches  stroke,  shown  at  G,  Fig,  2,  was  used  by  means  of  an 
L  crank  and  suitable  rods  and  connections,  the  force  of  the  steam  on  one 
side  of  the  piston  holding  the  pinion  down  in  x^lace,  and  when  changed 
to  the  other  side  raising  it  up  out  of  gear  where  it  was  held  by  a  j)awl 
until  it  was  to  be  lowered  again  for  use.  The  cogs  were  4  inches  pitch 
and  8  inches  face  on  the  rack,  and  8  inches  face  on  the  pinion  wheel. 
The  toil  of  the  cogs  in  the  rack  was  6  inches  above  the  top  of  the  rails  of 
the  track.  This  rack  was  made  in  sections  of  about  3  feet  in  length.  It 
was  8  inches  wide  at  the  bottom,  where  it  rested  on  the  timber,  as  shown 
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by  Fig.  3,  there  being  a  flange  on  each  side  of  1  incb  on  which  the  head 
of  the  spikes  rested  that  held  the  track  down  to  the  timber  on  which  it 
was  laid.  These  flanges  were  notched  at  proi^er  intervals  of  |  inch  deep 
for  the  spikes,  as  shown  at  E,  and  there  were  also  lirojections,  S  S,  on 
the  bottom  which  were  let  into  the  timber  to  prevent  their  being  moved 
oiit  of  place.  The  timbers  upon  which  the  rack  rested  were  6  inches 
deep  by  12  inches  wide,  laid  on  the  cross-ties  in  the  centre  of  the  track, 
the  ties  being  notched  about  half  an  inch  deep  to  receive  them,  as  shown 
in  Fig.  3,  at  T.  The  rack  was  made  from  cold  blast  iron  (cast).  The 
cogs  were  not  chilled.  The  pinion  wheels  on  the  locomotive  were  made 
of  cold  blast  iron,  and  made  in  chills  so  as  to  chill  the  cogs  to  prevent 
wear  as  far  as  x^ossible. 


F/G.3 


This  arrangement,  known  as  Catlicart's  plan,  was  complete  and  put  in 
operation  in  the  fall  of  the  year  1847,  and  was  continued  in  use  until 
July,  1868,  giving  general  satisfaction.  The  heavy  business  of  the  road 
from  1849  to  1854,  and  the  lighter  business  afterwards,  was  all  done  on 
this  plan  with  the  two  locomotives  of  the  Cathcart  plan,  although  the 
speed  at  which  trains  could  be  taken  up  and  freight  cars  taken  down 
was  comparatively  slow  ;  twenty  minutes  for  passenger  trains  and  twenty- 
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five  miuutes  for  freight  trains  was  about  the  time  occupied  in  ascending 
the  incline  of  7  000  feet  witli  full  trains,  and  the  exjiense  in  maintenance 
of  the  rack  and  locomotive  was  heavy.  The  breakage  of  castings  of  the 
rack  and  the  wearing  out  of  pinion  wheels  of  the  locomotive,  and  cost  of 
keejsing  up  its  complicated  parts,  the  decay  and  removal  of  timber  under 
the  rack  were  all  soui'ces  of  trouble  and  expense,  amounting  to  nearly 
the  same  whether  heavy  or  light  trains  were  drawn,  and  amounting  to 
more  than  the  business  of  the  road  would  wan-ant  in  the  last  two  or 
three  years  that  arrangement  was  used.  Owing  to  the  expense  of  oper- 
ating the  incline,  and  the  slow  speed  at  which  only  it  could  be  worked 
on  this  plan,  it  was  determined  to  try  the  adhesion  plan,  by  the  use  of 
very  heavy  and  jjowerful  locomotives,  dej)ending  alone  on  the  weight  of 
the  wheels  on  the  rails  for  their  adhesion.  Consequently  one  was  built 
in  the  company's  shop  of  a  i^atteru  re^jresented  in  Fig.  4,  and  put  in 
service  in  July,  1868,  since  which  time  the  Cathcart  i^lan  has  been 
abandoned,  and  the  plane  worked  entirely  on  the  adhesion  plan, 
which  has  been  found  to  be  much  cheaper,  quicker,  and  equally  as  safe, 
and  more  reliable.  The  principal  dimensions  of  the  locomotive,  repre- 
sented in  Fig.  4,  are  as  follows  :  Cylinder  20i  inches  diameter,  24  inches 
stroke  ;  driving  wheels  (five  pairs),  42  inches  diameter  ;  boiler,  56  inches 
diameter,  ^^  thick,  201  two-inch  tubes  12  feet  long  ;  fire-box,  5  feet  3 
inches  long,  5  feet  8  inches  deep,  4  feet  wide  at  top  and  3  feet  at  grate, 
has  116  square  feet  fire-box  heating  surface,  and  1  262  feet  of  tube  sur- 
face. It  is  what  is  commonly  called  a  tank  locomotive,  carrying  wood 
(which  is  used  for  fuel)  and  water  all  on  the  five  pairs  of  coupled  wheels. 
The  water  is  carried  in  two  long  cylinders  (one  on  each  side),  shown  at 
H  H,  connected  to  a  centre  water  tank  at  the  back,  1 1.  These  cylinders 
are  flattened  on  the  side  next  the  boiler,  as  shown  in  the  end  view  at  J, 
but  are  the  full  circle  back  of  the  boiler.  The  two  and  the  centre  tank 
at  the  back  end  hold  1  800  gallons  of  water.  The  total  weight  of  the 
locomotive,  with  fuel  and  water,  is  112  000  pounds.  A  steam  brake  is 
situated  at  K,  by  which  one-third  of  the  weight  of  the  locomotive  can 
be  made  to  rest  on  slides  or  runners  forced  down  on  the  rails  ;  friction 
brakes  are  also  attached  to  the  diivers,  and  applied  by  means  of  a  screw 
sufiiciently  powerful  to  hold  the  locomotive  on  the  incline,  but  are  not 
used  in  ordinary  service. 

All  freight  trains  are  let  down  the  incline  by  the  locomotive  using 
compression  in  the  cylinders  as  a  means  of  retarding  power.     For  in- 
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stance,  when  backing  down  the  incline  the  valves  of  the  cylinders  are 
moved  by  the  forward  motion  which  if  there  was  no  leakage  of  the 
23istons  would  either  force  air  into  the  boiler  or  cause  the  wheels  to  stop 
turning  in  that  direction.  But  to  regulate  the 'compression  so  as  to  give 
the  required  retarding  force,  the  tAVO  ends  of  the  cylinders  are  connected 
by  a  1-inch  pipe,  in  which  is  a  sliding  valve  closing  and  opening  to  the 
desired  size,  permitting  the  compi-essed  air  on  that  side  of  the  jiiston  to 
flow  through  to  the  oi^ioosite  side  of  it,  and  being  regulated  for  both 
cylinders  by  one  lever  and  to  any  speed  descending  to  ten  miles  per 
hour. 

The  loads  drawn  up  the  incline  and  the  time  required  may  be  ex- 
plained by  the  record  of  one  of  the  niimber  of  trips  made  April  9th  and 
loth,  1875,  to  test  the  quantity  of  fuel  used,  adhesion  to  rails,  etc.  : 

Trip  No.  1  was  made  on  .a  dry  day,  temiaerature  of  the  atmosphere 
70^  Fall.     The  load  was  eight  cars  loaded  with  coal. 

Weight  of  cars  and  coal 308  3G0  lbs. 

"locomotive 112  000    " 

Total 420  360    " 

Speed  at  foot  of  incline,  2  miles  per  hour. 
Time  of  leaving  foot  of  incline— 

At  3.40  p.  M.  ;  steam  jDressure  in  boiler,  140  lbs. 
"   3.45     "  "  "  "        140    " 

"    3.50     "  "  "  •'       143    " 

"    3.52     "  "  "    .  "        140    " 

Arrived  at  top  of  incline  at  3.53  p.  m.  ;  steam  i^ressure  in  boiler,  130 
lbs. 

Distance  run,  7  040  feet.  Time,  13  minutes.  Fuel  used,  -{\)  of  one 
cord  of  dry  beech  wood.  No  sand  was  used,  and  no  slippage  of  the 
drivers  occurred.  The  si^eed  averaged  6  miles  per  hour.  Trip  No.  4 
Avas  made  with  two  passenger  cars,  weighing  88  000  lbs.  Locomotive, 
112  000.  Total,  200,000  lbs.  Speed  when  going  on  the  foot  of  the 
incline,  6  miles  per  hour.  Time  running  the  7  040  feet,  5^  minutes=14i 
miles  per  hour.  Steam  pressure  in  boiler,  132  pounds.  Fuel  consumed, 
,',,  of  a  cord  of  dry  beech  wood.  No  slippage  of  the  drivers  at  any 
time,  and  no  sand  was  used.  The  trip  was  made  at  7.35  in  the  morning. 
No  difficulty  has  been  exj^erienced  at  any  time  in  working  this  incline 
for  want  of  adhesion,  either  in  winter  or  summer,  dry  or  wet  weather, 
and  this  plan  has  proved  much  more  satisfactory  than  the  one  previously 
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used,  and  no  accident  to  the  locomotive  lias  ever  happened  while  ascend- 
ing or  descending  that  in  the  least  interfered  with  safety. 

It  miiy  not  be  without  interest  to  the  parties  desiring  information  on 
this  subject  to  know  that  a  patent  was  granted  to  one  Emor  Rimber,  of 
Rimberton,  Chester  County,  Pa.,  March  5th,  in  the  year  1831,  the 
original  papers  coming  into  my  hands  while  making  inquiry  on  this 
subject. 

The  i^aper  is  signed  by  Andrew  Jackson,  who  was  President  of  the 
United  States  at  that  time,  and  Martin  Van  Buren  (afterAvards  President), 
Secretary  of  State. 

The  sketch  shown  at  Fig.  5  will  explain  Rimber's  plan,  and  is  a 
reduced  copy  of  the  original  accompanying  the  patent  documents. 

As  will  be  seen,  Rimber  proposed  the  use  of  a  rack  and  j)inion  in  the 
centre  of  the  track,  carrying  the  driving  wheels  of  the  locomotive  (one 
pair  of  them)  on  a  pair  of  smaller  wheels  of  a  diameter  corresponding  to 
that  of  the  pinion  wheel  in  the  centre.  The  track  upon  which  these 
small  wheels  run  was  elevated  sufficiently  to  raise  the  driving  wheels 
clear  of  the  track,  permitting  them  to  turn  in  conformity  to  the  smaller 
wheels  and  the  pinion  wheel  working  in  the  rack,  the  power  being 
applied  by  the  cylinders  and  crank  on  the  outside  of  the  driving  wheels, 
as  when  running  on  an  ordinary  track.  A  "  drag"  was  proposed  to 
follow  along  the  rack,  so  as  to  prevent  running  down  the  grade  in  case 
of  accident  to  the  machinery  in  ascending  the  incline,  as  shown  in  the 
sketch.     As  far  as  I  can  learn,  Rimber's  jolan  was  never  put  in  operation. 
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OK  THE  THEORETICAL  RESISTANCE  OF  RAILROAD  CURVES. 


By  S.  Whineky,  C.  E.,  Junior  of  the  Society. 


The  writer  is  impres.sed  with  the  belief  that  too  little  attention  has 
been  given  to  the  theory  of  the  resistance  which  a  curved  track  offers  to 
the  passage  of  a  railway  train.  Efforts  have  often  been  made  to  deter- 
mine the  amount  of  this  resistance  experimentally,  with  greatly  varying 
results,  but  very  few  attemjits  have  been  made,  so  far  as  the  writer  is 
aware,  to  investigate  analytically  the  elements  which  together  make  up 
the  sum  of  such  resistance. 

While  it  is  probable  that  in  the  end,  we  shall  be  comiielled  to  depend 
upon  exi^eriment  for  accurate  information  on  this  iioint,  it  will  be 
admitted  that  intelligent  theory  is  greatly  needed  to  assist  the  experi- 
menter in  determining  the  amount  and  character  of  the  resistance  in 
question,  and  the  inventor  in  devising  means  to  surmount  each  of  the 
elements  which  together  make  up  the  whole.  It  is  one  of  the  ca.ses 
where  analytical  investigation  must  go  hand  in  hand  with  carefiil  exper- 
iment, if  accurate  and  intelligent  results  in  detail  are  to  be  reached. 
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As  a  contribution  toward  such  investigation  the  following  is  sub- 
mitted : 

1 1.  When  a  railway  car  with  cylindrical  wheels  of  the  same  diameter 
moves  along  a  track  which  is  straight  and  transversely  level,  impelled 
hj  a  power,  which  we  shall  call  the  tractive  power,  acting  parallel  to  the 
rails,  there  is  no  tendency  developed  to  move  laterally  or  to  press  against 
either  rail  ;  for  the  only  force  which  acts  upon  it,  other  than  the  tractive 
power,  is  that  of  gi-avity,  which  is  applied  jjerpendicular  to  the  plane 
of  the  supports,  and  consequently  develops  no  tendency  sidewise. 

But  when  the  direction  of  the  forward  motion  is  changed  by  a 
curved  track,  another  force  in  addition  to  the  two  named  is  brought  into 
action.  This  is  the  centrifugal  force,  which  is  expressed  by  the  well 
known  formula  : 

V- 

■p TTr ^ 

'    32.2i? 
where  F  =  the  centrifugal  force, 

TF=  weight  of  the  moving  body, 
V^  velocity  in  feet  per  second 
and  R  =  the  radius  of  the  curve  in  feet. 
We  may  consider  the  force  of  gravity  and  the  centrifugal  force  as 
both  applied  to  the  centre  of  gravity  of  the  car  in  a  plane  perpendicular 
to  the  tangent  to  the  curve  at  that  point.     The  force  of  gravity  acts 
vertically  downward,  and  the  centrifugal  force  acts  horizontally  out- 
ward from  the  centre  of  the  curve,  and  the  resultant  of  the  two  is  rep- 
resented in  direction  and  amount  by  the  diagonal   of    a  rectangle  of 
which  one  side  equals  the  force  of  gravity  and  the  other  the  centrifugal 

force.    But  the  former  =  W,  and  the  latter  =  TF  ,.  ;    therefore    this 

resultant  is  represented  by  the  expression  : 


If  we  call  a  the  angle  whicli  the  resultant  makes  with  the  vertical 
[W],  we  shall  have  : 

'32.2R  S2.2R 


Tr/l+     -^^—  111  ^ 

V     ^    1036.8472^  V      ^  1036. 


1036. 84i2' 
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The  action  of  this  resultant  develops  a  tendency  to  press  the  wheels 
against  the  outer  rail  of  the  track.  To  counteract  this  tendency  we  may- 
incline  the  plane  of  the  rails  until  it  shall  be  i^erpendicular  to  the 
resultant ;  that  is,  we  must  make  the  angle  lietween  the  plane  of  the 
rails  and  the  jjlane  of  the  horizon  =  a. 

Calling  <7  the  distance  from  centre  to  centre  of  rails,*  the  elevation  E 
of  the  top  of  one  rail  above  the  other  is  found  by  the  formula  JE=g 
sin.    a. 

If  we  put  for  g  its  ordinary  value,  4'  8A"  +  2i"  =  4'  103"  =  4.896  feet 
and  the  expression  found  above  for  the  value  of  sin.  a  we  shall  have  : 

1'- 


3-2.2R 
E=4:.  H96 (2. ) 

n — ^' — 

\'  1036.847?- 

Table  1  gives  vahies  of  E  for  various  curves  and  speeds,  calculated 
by  the  above  formula. 

It  will  be  noticed  that  the  values  of  .E"  here,  given,  differ  somewhat 
from  those  usually  given  in  tables  of  this  kind.  (See,  for  instance, 
Heuck's  Pocket  Book,  p.  120.)  This  difference  is  to  be  attributed,  1st. 
To  the  different  value  of  r/  used,  as  explained  above.  2d.  Examination 
will  show  that  other  tables  are  based  on  the  formula  E=  g  tan.  a,  which 
is  clearly  erroneous.     Recurring  to  our  rectangle  of  forces  we  find  that 

_         32.2  i? T^- 

tan.  «-  ]T^^-32.2i? 

which  expression  multiplied  by  g  is  the  formula  usually  emi^loyed.f    At 

ordinary  s^ieed  the  results  do  not  materially  difier,  but  tlie  erroneous 

character  of  the  usual  one  becomes  evident  when  the  speed  is  made  very 

great.     When  the  "coming  train  "  shall  glide  around  a  12°  curve  at  the 

rate  of  90  miles  per  hour,  the  common  formula  would  require,   for  a 

track  of  4.7  feet  gauge,  a  superelevation  of  the  outer  rail  of  more  than 

five  feet — a  requirement,  to  comply  with  which  would  sorely  j)uzzle  the 

intelligent  Hibernian  section  boss  of  the  future.     The  diflference  due  to 

this  cause  is  less  apparent  in  the  above  table,  as  compared  with  others, 

because  the  greater  value  of  g  used,  tends  to  neutralize  its  effect. 

*  The  practice  of  calling  g  equal  to  the  distance  from  inner  face  to  face  of  rails,  that  is , 
equal  to  the  guage  of  the  track,  is  manifestly  erroneous,  unless  care  is  taken  to  measure  the 
superelevation  of  the  outer  rail  from  those  points,  and  not,  as  is  the  usual  custom,  from  the 
highest  point  of  each  raU. 

t  HeBck,  p.  89. 
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I  2.  As  stated  above,  the  resultant  of  tlie  weight  and  the  centrifugal 
force  is  represented  in  magnitude  hy  the  exijression,  formula  (1). 

It  is  evident  that,  when  this  resultant  is  applied  normal  to  the  plane 
of  the  track,  it,  and  not  W  represents  the  true  i^ressure  on  the  rails. 
Calling  this  modified  pressure  W ,  we  shall  have 


W  =  W   1 14 ^^'  ^,  -  (3.) 

V      ^  1036. 84ii;-.  \  ' 

I  3.  To  eifect  the  required  difference  of  elevation  between  the  outer 
and  inner  rail,  it  is  the  general  practice  to  superelevate  the  outer  rail 
above  the  general  level  of  the  track.  This  practice  is,  to  say  the  least, 
doubtful.  The  moment  a  car  strikes  a  curved  track  its  centre  of  gravity 
is  acted  on  by  the  ceijtrifugal  force  which  tends  to  overturn  the  car  out- 
ward on  the  outer  rail,  but  if  at  the  same  time  the  support  of  the  inner 
wheel  is  removed  or  depressed,  the  weight  of  the  car  will  tend  to  turn  it  on 
the  outer  rail  inward.  Thus  the  two  forces  acting  in  opposite  directions 
will  tend  to  neutralize  each  other.  Another  consideration  which  does 
not  seem  to  have  received  attention  in  practice,  is  the  fact  that  where  a 
curve  begins  on  an  ascending  gradient,  the  superelevation  of  the  outer 
rail  materially  increases  the  steepness  of  the  grade  at  that  point.  Thus 
if,  on  an  ascending  grade  of  forty  feet  per  mile,  a  superelevation  of  the 
•outer  rail,  of  0.8  feet  is  acquired  in  a  distance  of  two  hundred  feet,  the 
iiverage  gradient  for  that  distance  is  increased  to  over  fifty  feet  j)er  mile. 

There  is  a  practical  difficulty  in  securing,  on  circular  curves,  the 
necessary  difference  in  elevation  of  the  rails  at  exactly  the  proper  time. 
Theoretically,  the  whole  change  of  level  should  take  i)lace  simultane- 
ously v.ith  the  l)eginning  of  the  curve,  a  condition  obviously  impossible 
to  comply  with.  But  this  difficulty  may  be  overcome  by  beginning  and 
ending  the  curs-e  with  a  parabola  whose  radius,  beginning  infinitely 
great,  shall  become  equal  to  the  radius  of  the  circle  into  which  it  merges. 
The  change  of  level  of  the  rails  would  thus  begin  with  the  beginning  of 
the  curve,  and  gradually  increase  until  its  maximum  was  reached  at  the 
beginning  of  the  circle. 

It  is  safe  to  predict  that,  in  the  future,  when  fabulous  train  sj^eeds 
become  possible,  through  perfection  of  track,  all  curves  will  begin  and 
end  with  the  parobola. 

I  4.  If  a  cylindrical  wheel  is  placed  upon  a  plane  surface  and  com- 
pelled to  roll  in  a  circular  track,  with  its  axis  pointing  continually  to- 
ward the  centre  of  the  circle,  there  will  be,  in  addition  to  the  forward 
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motion  in  the  prescriljed  i)atb,  a  motion  of  revolution  around  the  centre 
of  the  line  of  contact  between  the  wheel  and  the  plane.  This  motion 
is  illustrated  l)y  the  twirling  of  a  coin  placed  on  its  edge  on  a  table. 
When  the  wheel  completes  one  revolution  in  its  circular  path  it  will  have 
turned  one  complete  revolution  on  its  line  of  contact  with  the  plane. 
This  turning  motion  develops  a  certain  amount  of  frictional  resistance 
to  the  forward  progress  of  the  wheel,  which  we  wish  to  determine. 

The  surface  of  contact  between  a  cylinder  and  a  plane  is  theoreticallv 
a  line,  but  in  reality  it  is  doubtless  a  very  narrow  ijarallelogram.  If 
weight  is  placed  upon  this  parallelogram  and  it  is  then  revolved  around 
its  centre,  i.  e.,  the  intersection  of  its  diagonals,  sliding  on  the  plane 
upon  which  it  rests,  we  shall  have  for  the  Avork  done  in  overcoming  the 
friction  for  one  entire  revolution. 

Where  a  =  the  work  done, 

I  =  the  length  of  the  parallelogram, 
.  ir=  the  Aveight  resting  on  the  parallelogi-am, 

_/■=:  the  co-efficient  of  friction  between  the  surfaces  in  contact. 
The  length  of  the  line  or  parallelogram,  of  contact  between  a  car  wheel 
and  the  rail  is  found  to  be  about  one  inch  =  0. 0833  feet  in  ordinary  practice. 
The  value  of  the  co-efficient  of  friction  between  chilled  cast-iron  wheels 
and  iron  or  steel  rails,  varies  with  the  velocity  and  the  varying  conditions 
of  practice,  from  0.15  to  0.25  ;  for  the  purposes  of  this  paper  it  will  be 
sufficiently  accurate  to  call  it  0.2.  Substitutmg  these  values  of  /and/ 
in  the  a])ove  equation,  we  shall  have 

»  =  .  017453  ir. 
Dividing  this  by  3<J0  we  shall  have  the  work  done  for  one  degree  of 
angular  change  of  direction  in  the  motion,  and  dividing  this  again  by 
the  length  of  the  arc  of  one  degree  in  the  circular  path  of  the  Avlieel. 

Avhich  in  the  case  of  railroad  curves  we  may  call  -^  [D  =  degree  of  the 

curve),  we  shall  find  the  measure  of  this  element  of  resistance  for  any 
curve  to  be 

n=-^^^^~=AmmmwD.  (4.) 

This  ex^n-ession  rejaresents,  as  we  shall  see,  an  insignificant  part  of  the 
total  curve  resistance,  ^.nd  would  not  be  worthy  of  consideration  were  it 
not  that  we  wish  to  determine,  not  alone  the  total  amount  of  curve  re- 
sistance, but  also  the  I'elative  magnitude  of  each  element. 


^  5.  When  a  pair  of  cyliudric-al  wheels,  of  ecpial  diauieter,  lixed  im- 
movably to  the  same  axle,  roll  around  a  curved  track,  witli  tlie  axle 
pointing  continuously  to  the  centre  of  the  curve,  it  is  evident  that  one 
of  the  wheels  must  slip  on  the  rail  over  a  distance  equal  to  the  diflference 
in  length  between  the  inner  and  outer  rail.  If  the  track  describes 
a  complete  circle,  the  difference  in  length  of  the  two  rails,  whatever  may 
be  the  radius  aH  the  curve,  =2g  X  -,  and  the  difference  for  one  degree  of 

angtUar  motion  =  — ^-— =  '   "   -.     It  now  we  multiply  this  expression 

W 

by  — K—  (since  one-half  the  load  rests  on  the  slipping  wheel),  and  by  the 

co-efficient  of  sliding  friction  between  the  rails  and  wheel  /,  we  shall 
have  the  total  work  done  in  thus  sliding  one  wheel  over  the  arc  of  one 
degree  of  the  curved  track,  and  if  we  divide  this  by  the  length  in  feet  of 

that  ai'c  — jr--,  we  shall  have  as  the  measure  of  this  element  of  resistance 

S, 

g-W'Df  4. 896  X  3. 1416x0. 2  TFi) 


S= 


100x360  36000 

=  0.00008545  TT'i).  (5.) 

j!  6.  In  practice,  two  or  more  i^airs  of  wheels  are  so  fixed  in  a  rigid 
frame,  that  the  axles  are  held  parallel  to  each  other.  When  such  a  sys- 
tem is  placed  on  a  curved  track  it  is  impossible  for  it  to  conform  readily 
to  the  curve,  or  for  the  axles  of  each  pair  to  i)oint  towards  the  centre  of 
the  curve  ;  but  if  it  rests  symmetrically  on  the  rails,  the  radius  of  the 
curve  to  which  the  axles  are  parallel,  will  pass  midway  between  the  first 
and  last  axles  of  the  system.  If  motion  be  given  to  the  system  it  will 
tend  to  move  in  the  direction  of  the  tangent  to  the  curve  at  the  ex- 
tremity of  that  radius.  But  the  rails  pressing  against  the  flanges  of  the 
wheels  will  compel  it  to  follow  the  curve.  The  pressure  thus  exerted,  de- 
velops a  resistance  to  the  onward  motion  of  the  body,  which  may  be 
approximately  determined. 

If  we  denote  by  m  the  distance  from  the  point  where  the  rail  presses 

against  the  flange  of  the  wheel  in  guiding  it  along  the  ciirve,  back  to  the 

radius  of  the  curve,  which  passes  through  the  centre  of  the  truck,  in  a 

line   jjerpendicular  to   that  radius,   and  denote  by  ft  the  angle  which 

measures  the  change  of  direction  of  the  curve  in  that  distance,  we  shall 

,  .  m 

have  sin.  ft  ^— „. 

Ji 
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It  is  obvious  that  this  angle  remains  constant  "while  the  car  passes 
around  the  whole  length  of  any  curve  of  constant  radius. 

In  the  effort  to  follow  the  straight  line  as  described  above,  the  out- 
side forward  wheel  of  the  truck  tends  to  roll  diagonally  across  the  face 

of  the  rails.    Thus, 

/         .  — -— .^__^     <    i*ig.    1,   any  given 

C'-- - ---"-"M--  ~1      ) 

plane  in  the  wheel, 


°       as   AD,    Avould,    if 
^  —J  unrestrained,     roll 

in  the  direction  ^j5  ,•  but  the  resistance  of  the  rail,  against  the  flange 
causes  the  point  of  contact  A,  to  follow  AC.  To  do  this  it  is  obvious 
that  the  wheel  with  the  weight  resting  upon  it,  must  be  slipped  on  the 
rail  a  distance  BC,  ^=  AC  X  sin.  fi.  Calling  AC  unity,  and  assuming 
0.2  as  the  co-efScient  of  friction,  the  resistance  offered  to  the  onward 
motion  of  the  car  will=TF'  >;  0.2  X  sin.  /i  (6).  But  Avhile  this  ex- 
jjression  represents  the  amount  of  work  done  by  the  rail  in  com- 
pelling the  wheel  to  follow  the  curve,  it  does  not  represent  the  whole  of 
the  power  exisended  in  the  operation  ;  for  in  the  act  of  revolving  the 
wheel  is  moved  continuously  at  the  point  of  contact  between  the  flange  and 
the  rail.  The  pressure  at  this  point  is  evidently  W  X  0.2  X  sin.  /i  and 
this  pressure  will  cause  a  frictional  resistance  =  W'  X  0.2  X  sin.  /i.  x 
0.2  =  0.04  W'  X  sin.  /5.  But  the  tractive  j^ower  acts  on  this  frictional 
resistance  through  the  agency  of  a  lever  of  which  the  long  arm  is  the 
radius  of  the  wheel,  the  fulcrum,  the  point  where  the  tread  of  the 
wheel  rests  on  the  rail,  and  the  short  arm,  the  distance  from  the  latter 
point  to  the  jioint  of  contact  between  the  flange  and  the  rail.  The  last 
named  distance  is  of  uncertain  magnitude,  being  dependent  on  the  size 
of  the  wheel  and  the  form  of  the  flange.  It  is  probable  that  in  practice 
it  does  not  vary  much  from  four  inches.  Assuming  that  as  the  correct 
value,  and  calling  the  radius  of  the  wheel  sixteen  inches,  we  shall  have 
for  the  tractive  jiower  necessary  to  overcome  this  loarticiilar  element  of 

4  (.04  TF'  X  sin.  /i) 
resistance,  — ^- - — '- — -  =  0.01  IF  X  sin.  /?,  and  for  the  whole  re- 
sistance due  to  compelling  the  wheel  to  follow  the  curve,-  which  Ave  may 
call  p, 

p  =  0.2  IF'  sin.  ft  +  0.01  TF'  sin.  ft,  =  0.21  TF  sin.  ft.  (7.) 

The  conditions  above  described  strictly  apply  to  only  the  outer  front 
and  inner  }'ear  wheels  of  the  truck.  But  a  little  consideration  will  show 
that  the  four  wheels  of  the  truck  are  together  subject  to  just  foiir  times 
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the  resistance  for  one  ■wheel,  as  given  above  ;  for  the  inner  front  and 
outer  rear  Avheels  must  be  constantly  slipped  toward  their  respective 
rails  in  order  to  conform  to  the  curve,  to  the  same  extent  as  the  other 
two  wheels  are  slipped  i?i  the  same  directions  ;  but  the  Avhole  of  the 
work  is  done  by  tlie  flanges  of  the  outer  front  and  the  inner  rear  wheels. 

§  7.  There  is  another  element  which  may  aflfect  the  results  given  by 
ihe  above  formula,  Avhich  may  be  thus  stated.  In  considering  the  element 
of  the  friction  between  the  wheel  flange  and  the  rail,  we  have,  in  effect 
assumed  that  the  side  of  the  rail  is  vertical;  that  is,  that  a  point  of  the 
flange  in  contact  with  the  rail  moved  downward  in  a  plane  perj^endicular 
to  the  top  of  the  rail  and  the  tread  of  the  wheel.  If  tliis  is  not  the  case, 
any  given  point  of  contact  of  the  flange  must  slide  down  an  inclined 
plane,  thus  resolving  the  power  applied  into  two  comi^onents,  only  one  of 
which  is  available  for  the  work  required.  While  the  energy  thus  lost  is 
insignificant  in  amount,  in  the  ordinary  joractice,  it  is  nevertheless  a 
source  of  resistance,  and  unless  there  are  weightier  reasons  for  a  difierent 
practice,  the  sides  of  rails  should  be  made  vertical,  and  the  flanges  of 
wheels  so  shaped  that  the  rail  will  retain  this  form  under  wear. 

§  8.  When  individual  cars  are  joined  into  a  train  and  draAVU  by  a 
locomotive  along  a  curved  track,  the  line  of  tractive  power  or  tension 
forms  a  funicular  i^olygon,  of  which  each  car  forms  a  side,  and  whose 
angles  are  located  at  the  j^oints  where  the  cars  are  coupled  together.  At 
each  one  of  these  angles  a  certain  amount  of .  the  tractive  power  or 
energy  is  absorbed  and  the  remainder  transmitted  to  the  following  side 
of  the  polygon.  In  other  words,  at  each  angle  the  tractive  power  is  de- 
composed into  two  components,  one  of  which  is  expended  in  drawing 
the  following  car  along  the  track,  and  the  other  tends  to  move  the  angle 
itself  towards  the  centre  of  the  polygon,  which  is  identical  with  the 
centre  of  the  curve  of  the  track. 

If  we  denote  by  <p  the  acute  angle  between  the  longitudinal  axes  of 
two  adjoining  cars,  and  by  Ttlie  tractive  power  exerted  by  the  forward 
car,  and  by  T'  the  tractive  power  transmitted  to  the  following  car,  we 
shall  have  T'  =  T  cos.  q>  .  (8),  and  the  amount  of  power  lost  at  the  angle 
will  be  T— T  COS.  <?>  =  r  (1  —  cos.  ^).  (9).  If  we  know  the  jjower  which, 
apjjlied  to  a  single  ear  in  the  direction  of  its  longitudinal  axis  will  move 
it  along  a  curved  track  under  given  conditions,  we  may,  by  tlie  aid  of 
formulae  (8)  and  (9)  readily  determine  the  aggregate  amount  of  energy 
thus  lost  in  any  train. 
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The  second  component  into  which  jf'is  decomposed,  tends  to  move  the 
angle  of  the  polygon  toward  its  centre.  Its  practical  eifect,  were  it  of 
sufficient  magnitude,  would  be  to  press  the  flange  of  the  inner  wheels 
against  the  rail.  Now  the  polygon  rests  on  the  track  at  as  many  points 
as  there  are  trucks  in  the  train  ;  that  is,  at  two  points  in  each  car,  and  as 
the  line  of  tractive  power  must  be  considered  as  straight  from  one  point 
of  application  to  another,  we  maj  consider  the  polygon  thus  formed  as 
having  double  the  number  of  sides  heretofore  considered,  and  the  acute 

angle  between  adjacent  sides  will  he  ^-,  and  the  radial  component,  n. 
of  the  tractive  power  will  be,  nearly, 

■»  =  rsin.    ^-  (10) 

It  would  seem  at  first  thought  that  this  compDuent  ought  to  relieve,  to 
some  extent,  the  jiressure  against  the  outer  rail  expressed  by  formula  (6), 
but  it  will  be  remembered  that  the  inner  rear  wheel  of  the  truck  presses 
against  the  inner  rail  with  the  same  force  that  the  outer  front  Avheel 
presses  against  the  outer  rail  in  causing  the  truck  to  follow  the  cur\  e. 
Hence,  this  component  can  be  of  no  service  in  diminishing  the  sum  of 
the  resistance  due  to  that  cause. 

§  9.  We  have  i:»urposely  neglected  so  far  to  take  into  account  the  ele- 
ment of  coned  wheels  in  modifying  the  resistance  due  to  curved  track, 
preferring  to  consider  the  whole  subject  briefly  in  a  separate  section. 
There  is,  perhaps,  no  one  thing  in  railroad  practice  ujDon  which  there  is 
such  diversity  of  opinion,  as  upon  the  subject  of  the  utility  of  coning  the 
wheels  of  cars.  It  is  needless  to  here  enumerate  the  various  shai^es 
whicli  such  ojnnion  takes.  It  is  certain  that  the  tendency  of  the  day  is 
to  reduce  the  amount  of  coning  to  a  very  small  quantity,  and  many 
boldly  predict  that  coned  wheels  will  soon  be  a  thing  of  the  past. 

We  shall  use,  for  the  jjurposes  of  illustration  in  this  j^aper,  the  stand- 
ard wheel  of  the  Pennsylvania  Raih-oad,  which  is  33  inches  in  diameter, 
has  a  tread  of  -ig  inches,  and  a  coning  of  '  iucli;  that  is,  the  diameter  of 
the  wheel  at  its  outer  edge  is  |  inch  less  than  at  the  tangent  point  of  the 
curve  which  joins  tlie  tread  and  the  flange.  The  space  allowed  between 
each  rail  and  the  flange  is  one-half  inch,  and,  therefore,  the  total  lateral 
"play  "  of  the  wheels  on  the  track  is  limited  to  one  inch.  When  a  i)air 
of  such  wheels  are  resting  symetrically  on  the  track  they  are  of  the 
same  diameter  at  the  points  of  sujiport.  But  if  moved  toward  one 
side    KO   t'.iat  the  flange  of    one  wheel  is  in  contact  with  the  rail  the 
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diameter     of    that     wheel     will     clearly    he     increased     an     amount 

—  ^       ^         ,^^j  j^^  jj^g  diameter  of  the  other  wheel  will  be  de- 

41"  70 

creased  a  like  amount,  the  difference  of  their  diameters  in  the  new  position 

3" 
will  be  -^p;  and  if  the  pair  of  wheels  in  this  position  were  put  in  motion 

they  would,  if  unobstructed,  describe  a  circle  whose  radius  reckoning 
from  the  centre  of  the  track,  and  calling  the  diameter  of  the  lesser  wheel 
33",  we  shall  find  to  be  18S7  feet,  which  is  the  radius  of  a  3^  S'  curve. 
Therefore,  if  the  wheels  were  placed  on  a  curved  track  of  1887  feet  radius 
with  the  flange  of  the  wheel  in  contact  with  the  outer  rail,  they  would 
foUow  the  curve  without  any  constraining  influence  by  the  rails,  and  con- 
sequently their  forward  motion  would  be  entirely  free  from  the  frictional 
resistance  expressed  by  formula^  (5)  and  (7).  If  the  curve  were  of  greater 
radius  than  1887  feet,  the  flange  of  the  outer  wdieel  would  recede  from 
the  rail  until  a  difference  of  diameter  was  produced  which  should  cor- 
respond to  the  radius  of  the  curve,  and  the  wheels  would  then  mi)ve  on- 
ward as  before. 

It  would  therefore  seem  to  be  a  legitimate  conclusion,  that  cars, 
jjroperly  furnished  with  such  wheels  as  we  have  considered  should  pass 
around  any  curves  less  than  3^  without  the  resistance  due  to  uneiiual  length 
of  rail,  formula  (5),  and  that  caused  by  forcing  the  car  to  follow  the  curve, 
formula  (7).  But  in  order  that  the  wheels  of  any  car  may  be  free  to  thus 
adjust  themselves  to  the  curvature  of  the  track,  it  is  necessary  that  the- 
other  forces  acting  in  a  lateral  direction,  shall  be  so  nearly  in  equilibrium 
that  this  adjusting  i^ower  of  the  wheels,  shall  be  Hie  controlling  force  in  its 
motion.  Let  us  see  if  that  is  the  case.  The  movement  of  the  pair  of 
wheels  which  we  have  been  considering  would  be  identical  with  the  move- 
ment of  a  frustrum  of  a  cone  whose  bases  were  respectively  equal  in  cir- 
cumference, to  the  circumference  of  the  wheels.  If  such  a  frustrum  is 
placed  on  a  plane  surface  and  put  in  motion  by  a  force  acting  horizontally 
on  its  centre  of  gravity  and  perj^endicular  to  its  axis,  the  jjath  clescrilied 
by  that  centi-e  of  gravity  will  be  a  circle.  But  if  the  velocity  is  gradually 
increased  until  the  centrifugal  force  becomes  greater  than  the  sliding  fric- 
tion between  the  frustrum  and  the  plane,  it  will  leave  its  circular  path 
and  follow  a  tangential  one.  Thus,  the  practical  measure  of  the  centripetal 
force  generated  by  the  cone,  is  the  friction  between  the  cone  and  the  plane 
upon  which  it  rolls. 
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Now,  if  one  i^air  of  wheels  supporting  tlieir  sliare  of  the  weight  of  a 
<5ar  Avere  placed  ui^oa  any  curved  track  of  less  than  3-  curvature  with  the 
flange  nearly,  but  not  quite,  in  contact  with  the  outer  rail,  and  given  a 
forward  motion,  they  would  be  influenced  by  the  following  forces,  acting  in 
a  lateral  direction.  The  centrijietal  force  due  to  the  conical  shape  of  the 
rolling  body,  the  tendency  to  slide  down  the  inclined  plane  of  the  track 
due  to  elevation  of  outer  rail,  and  the  radial  component  of  the  tractive 
power,  would  tend  to  move  it  toward  the  inner  rail,  while  the  centrifugal 
force,  and  the  disposition  to  press  against  the  outer  rail  expressed  by 
formula  (6),  tend  to  move  it  toward  the  outer  rail.  But  if  the  track  is 
inclined  properly  with  reference  to  the  existing  conditions,  the  tendency 
to  slide  down  the  inclined  i)lane  of  the  track  and  the  centrifugal  force 
will  entirely  neutralize  each  other,  and  the  radial  component  of  the  trac- 
tive power  is  insignificant  in  this  connection.  The  pressure  towards  the 
outer  rail  is,  as  we  have  already  determined,  formula  [6)=Wf,  X  by  the 
sine  of  an  angle  which  can  never,  in  practice,  exceed  four  or  five  degrees, 
while  the  centripetal  force  due  to  conicity  of  wheels  is,  as  we  have 
«een,  equal  to  the  friction  between  the  wheels  and  the  rail  =  W/ —  a 
jjower  so  much  in  excess  of  the  algebraic  sum  of  all  the  other  laterally 
acting  forces  as  to  be  amply  sufficient  to  govern  the  motion  of  the  train. 

But  in  practice  it  is  generally  the  case  that  the  inclination  of  the  track 
is  not  exactly  that  needed  to  balance  the  centrifugal  force.  The  track 
may  be  inclined  for  a  maximum  speed,  while  the  actual  speed  may  be 
almost  zero,  or,  on  the  other  hand,  the  track  may  have  little  or  no  incli- 
nation while  trains  jiass  at  a  maximum  si^eed.  In  the  first  case,  the 
weight  of  the  car  being  unbalanced  on  the  inclined  plane  of  the  track, 
would  tend  to  slide  inward,  and  if  the  preponderance  of  gravity  was 
sufficient  to  overcome  both  the  forces  acting  outward  and  the  friction 
"between  the  rails  and  wheels,  the  flanges  would  be  held  against  the  inner 
I'ail,  in  which  case  the  conicity  of  the  wheels  would  increase  instead  of 
diminishing  the  train  resistance.  But  if  we  take  any  case  of  this  kind  likely 
to  occur  in  practice  and  comjiute  the  magnitude  of  the  various  forces 
acting  inward  and  outward,  we  will  find  that  the  excess  of  the  inward 
acting  forces,  is  not  sufficient  to  overcome  the  sliding  friction  between 
the  wheels  and  the  i-ails.  In  the  second  ease,  the  centrifugal  force  would 
be  unbalanced  ;  but  as  in  the  first  case,  we  may  prove  that  the  excess  of 
outward  acting  forces  is  not  sufficient  to  overcome  the  centripetal  force 
of  the  coned  wheels  in  cases  likely  to  occur.     Hence,  we  are  forced  to 
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conclude  that  the  coned  wheels  of  a  car  will  adjust  themselves  to  any 
curve  whose  radius  is  not  less  than  the  altitude  of  the  cone,  of  which  the 
wheels  in  the  position  of  the  greatest  difference  of  diameter  form  a  frus- 
triim  ;  and  since  we  have  found  tliat  the  wheels  used  for  illustration 
would,  under  such  circumstances,  pass  around  a  three  degree  curve  with- 
oiit  slipping  or  pressing  against  the  outer  I'ail,  it  is  obvious  that  resist- 
ance due  to  these  causes  only  begins  to  exist  as  the  curve  becomes  sharioer 
than  thi-ee  degrees.  There  is,  however,  an  element  of  resistance  charge- 
able to  coned  wheels,  which,  although  it  prevails  on  straight  lines  as  well 
as  curves,  it  will  be  proper  to  consider  here  ;  for  the  modern  coned  wheel 
owes  its  existence  to  the  i:)revailing  belief  that  the  advantages  of  its  use 
on  curved  tracks  more  than  compensate  for  the  disadvantage  of  its  use 
on  straight  track.  This  belief,  as  we  shall  shall  now  show,  is  without 
proper  foundation.  If  the  pair  of  wheels  we  have  been  considering  are 
placed  symetrically  on  a  straight  track  and  motion  imparted  to  them,  they 
will  roll  forward  in  a  straight  line.  The  motion  of  the  system  will  be 
similar  to  that  of  a  cylinder  on  a  plane.  But  each  wheel  is  itself  a 
truncated  cone,  and  if  unrestrained  would  follow  the  law  of  motion 
characteristic  of  that  body.  If  compelled  to  follow  a  straight  line,  there 
will  necessarily  result  a  certain  amount  of  resistance. 

"We  have,  in  a  previous  section,  assumed  that  the  line  of  contact  be- 
tween the  wheel  and  the  rail  is  one  inch  in  length,  and  the  assumption  is 
probably  very  nearly  correct.  The  diameter  of  the  wheel  at  the  inner 
end  of  this  line  is  greater  than  at  its  outer  end  by  an  amount  equal  to 
3^5-  of  one  inch  (4f " :  1" ::  f " :  3^5-")  equal  to  a  difference  in  circumference 
of  0.0224:J:  feet.  It  is  plain  that  that  part  of  the  wheel  which  revolves  at 
the  outer  extremity  of  the  line  of  contact,  being  of  less  circumference, 
must  fall  behind  the  i^art  at  the  inner  end  of  the  line  unless  the  differ-' 
ence  is  made  up  by  the  slipping  of  the  former  over  a  distance  equal  to 
the  difference  of  circumference  of  the  two  jjarts.  This  difference  of  cir- 
cumference we  have  found  above  to  be  0.02244  feet,  and  as  each  interme- 
diate part  of  the  wheel  between  the  extremities  of  line  of  contact  will 
slip  over  a  space  proportioned  inversely  to  its  distance  from  the  outer 
extremity  of  the  line,  the  average  space  slipped  over  by  the  wheel  will  be 

0  02244 

— ~  =  0.01122  feet,  and  the  work  thus  done  in  one  revolution  of 

2 

the  wheel  will  be  =  .TF'/  +  0.01122,  and  if  we  divide  this  by  the  dis- 
tance gone  over  in  one  revolution,  we  shall  have  the  actual  resistance 
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offered  to  the  progress  of  the  wheels.  Calling  this  resistance  g,  and  tho 
larger  diameter  of  the  wheel  33  inches  =  2. 75  feet,  we  shall  have. 

0.01122  Try 

0=       2:7577     '\  (11.) 

Huhstituting  in  this  equation  for  TT''/the  values,  2000  X  0.2  we  shall  find 
tliat  it  expresses  a  resistance  of  more  than  half  a  jDOund  per  ton  of  the 
load  on  the  wheels,  and  it  will  lie  readily  seen  that  this  resistance  is  a 
constant  (piantity  whether  the  track  lie  straight  or  curved.  We  have 
found  that  the  coning  of  this  pair  of  wheels  will  obviate  the  resistance 
-expressed  by  formuhf  (5)  and  (7)  on  curves  of  three  degrees  and  less, 
wliich  amounts  (see  Table  No.  2)  to  less  than  0.3  pounds  per  ton  of  load, 
but  it  now  appears  that  it  will  create  a  constant  resistance  of  nearly  double 
that  amount.  We  are  therefore  forced  to  the  con(dusion  that  the  coning 
of  wheels  not  only  does  not  diminish  the  train  resistance  on  curves,  but 
that  it  materially  increases  the  resistance  on  straight  lines. 

It  is  charged  and  believed  by  man 3'- that  to  the  use  of  coned  wheels 
is  to  be  attribiited  the  larger  part  of  the  violent  oscillations  and  con- 
cussions noticed  in  the  motion  of  trains.  The  writer  believes  this  to  be 
true,  but  the  question  is  clearly  one  to  be  settled  by  observation  and  ex- 
periment, and  not  by  analytical  investigation. 

We  have  confined  ourselves  in  discussing  this  suliject  to  wheels  of  but 
one  form,  but  the  arguments  and  conclusions  deduced  will  be  found 
equally  applicable  to  those  having  a  greater  or  a  less  amount  of  coning. 

If  the  conclusions  we  have  reached  are  correct,  they  furnish  siiflScient 
reasons  for  discarding  altogether  the  use  of  coned  wheels. 

^  10.  In  addition  to  the  sources  of  resistance  enumerated  above,  there 
are  several  which  may  be  called  accidental  elements  of  curve  resistance, 
but  as  their  magnitude  can  only  be  determined  by  experimental  investi- 
gation, they  will  only  be  mentioned  here.  Bad  alignment  of  track,  ir- 
regular bends  in  the  rails,  uneven  joints  and  ragged  rails  are  much  more 
productive  of  resistance  on  curves  than  on  straight  lines.  Improper 
inclination  of  the  plane  of  the  track  may  also  be  a  prolific  cause  of  re- 
sistance. If  the  inclination  be  too  little,  the  unbalanced  centrifugal 
force  of  the  car  may  slide  the  shoulder  or  end  of  the  axle  against  the 
box  and  thus  give  rise  to  frictional  resistance.  If  the  inclination  be  too 
great  the  gravity  of  the  car  may  produce  the  same  result  in  an  opposite 
•  direction. 

By  the  aid  of  the  several  formuhie  deduced  above,  Table  No.  2  has  been 
prepared  giving  the  computed  resistance  from  those  sources  of  various 
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curves  ruu'lei  given  conditions.  No  allowance  lias  been  made  for  the  use 
of  coned  wheels.  In  practice,  the  aiipropi'iate  amount  for  accidental 
sources  of  resistance,  as  determined  by  experiment,  should  be  added  to 
the  totals  given  in  the  table.  This  sum  added  to  the  previously  deter- 
mined train  resistance  on  straight  lines  should  give  the  total  train  resist- 
ance^ on  the  various  curves. 

?  11.  A  careful  inspection  of  Table  No.  2,  and  the  formuhe  from  which 
it  is  calculated,  will  lead  to  the  following  conclusions  : 

1st.  The  resistance  is  very  nearly  in  inverse  ratio  to  the  radius  of  the 
curve,  or  directly  as  the  degree  of  curvature. 

i2d.  It  varies  directly  as  the  Aveight  of  the  car. 

od.  It  is  almost  entirely  independent  of  the  velocity. 

Jrth.  Other  things  being  equal,  a  short  car  causes  slightly  less  resist- 
ance than  a  long  one  ;  but  the  diflfei'ence,  esijecially  on  light  curves,  is 
an  unimiiortant  part  of  the  whole. 

5th.  It  will  be  observed  that  the  only  formula  into  which  the  width 
of  the  track  g  enters  as  a  factor,  is  formula  (5),  which  exi^resses  the  resist- 
ance cau.sed  by  unequal  lengths  of  the  outer  and  inner  rails  of  the  track. 
This  element  constitutes  about  40  jaer  cent,  of  the  whole  amount  of  re- 
sistance showTi  in  the  table,  or,  calling  this  tabular  amount  the  total 
curve  resistance,  and  assuming  the  resistance  on  straight  track  as  10 i 
lbs.  jjer  ton,  about  11^  per  cent,  of  the  whole  train  resistance  on  a  ten 
degree  curve.  As  the  magnitude  of  this  element  varies  directly  with  9, 
it  is  evident  that  we  may  reduce  it  by  reducing  the  gauge  of  the  track. 
Thus,  if  we  reduce  the  standard  gauge  to  three  feet,  we  shall  have  for  a 
10  ^  cui-ve  : 

4.7  :  3   :  :  205.62  :  181.25  Ib.s., 

which,  added  to  the  other  tabular  items,  makes  a  total  of  452  instead  of 
52C  lbs.  ;  and  counting  the  straight  track  resistance  as  before,  we  find 
the  new  value  of  this  element  to  be  7 . 7  per  cent,  of  the  whole — that  is, 
by  reducing  the  standard  to  a  three-feet  gauge,  we  reduce  the  train 
resistance  11  i  —  7.7  =  3.8  per  cent.  This  conclusion  is  of  interest,  in 
view  of  the  claim  made  by  zealous  advocates  of  the  narrow  gauge,  that 
short  curves  are  much  less  objectionable  on  roads  of  nari'ow  than  of 
standard  gaiTge. 

\  12.  Of  the  total  curve  resistance  shown  by  Table  No.  2,  it  will  be 
observed  that  the  element  expressed  by  formula  (7)  constitutes  about  57 
per  cent,    under  the  conditions  assumed.     Examination  of  the  formuLt 
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will  show  tliat  the  resistance  varies  as  the  sin.  of  the  angle  f3  ;  and  since 

this  angle  is  small,  and  varies  directly  with  the  length  of  the  wheel  base, 

we  may  say  that  this  element  of  resistance  varies  directly  with  the  length 

of  the  rigid  wheel  base  of  the  car.     In  view  of  this  fact,  and  the  great 

comparative  magnitude  of  this  source  of  curve  resistance,  the  importance 

of  making  car  trucks  as  short  as  jjossible  becomes  manifest,  and  the* 

sui^eriority  of  the  American  eight-wheeled  car,  with  bogie  trucks,  over 

the  four-wheeled  car,  Avith  a  long  rigid  wheel  base,  is  very  apparent. 

To  the  general  statement  above,  that  the  weight  of  the  car  being  the 

same,  this  cause  of  resistance  varies  with  the  length  of  the  wheel  base,  is 

to  be  noted  a  modification  in  the  case  of  six-wheeled  bogie  trucks,  in 

which  the  central  i)air  of  wheels,  while  they  bear  their  share  of  the  load, 

do  not  generate  resistance  of  this  kind.     To  meet  such  cases,  we  may 

2  W' 
substitute  in  equation  (7)    for  W,  '  and  the  formula  will  then  give 

correct  results. 

I  13.  Should  careful  experiments  confirm  the  results  reached  in  this 
paper,  as  to  the  total  resistance  caused  by  curved  track,  it  would  be  very 
desirable  to  find  some  short  equation  which  will  give  with  reasonaljle 
accuracy  the  required  resistance  without  the  solution  of  the  several  for- 
mulae deduced  above.  As  a  close  approximation,  the  following  may  be 
found  convenient  : 

in  which, 

R  =  the  total  curve  resistance, 

J)  =  the  degree  of  curvature, 

g  =  gauge  of  the  track, 
I  =  length  of  rigid  wheel  base,  and 
an  =   factors  expressing  approximately  the  curve  resistance  due  to 
accidental  causes— to  be  determined  by  experiment. 

In  conclusion,  the  writer  is  not  ignorant  of  the  fact  that  the  results 
herein  reached  vary  widely  from  the  opinions  generally  held  by  engineers 
on  the  subject.  The  commonly  accepted  estimate  for  curve  resistance 
is,  that  a  curve  of  10^  about  doubles  the  resistance  encountered  on 
straight  track,  while  the  result  arrived  at  in  this  paper  (see  Table  No.  2) 
is  less  than  half  that  amount.  Even  when  a  liberal  allowance  for  acci- 
dental resistance  is  added  to  the  tabular  amount,  the  disparity  is  too 


96 

great  to  be  reconciled.  It  is  very  apparent  tliat  if  the  generally  received 
ideas  are  correct,  either  the  assumi:)tions  and  arguments  of  the  writer  are 
erroneous  or  some  important  elements  of  resistance  have  eluded  his  per- 
ception. He  readily  admits  that  the  Aveight  of  evidence  is  against  him  ; 
but  it  will  be  admitted  on  the  other  hand  that  the  experiments  on  which 
the  conclusions  generally  held  are  based,  were  unsatisfactory,  sometimes 
contradictory,  and  always  inconclusive.  It  is  not  impossible  that  ex- 
haustive experiments,  made  under  the  conditions  assumed  in  computing 
Table  No.  2,  may  give  results  not  very  dissimilar  from  those  there  given. 
Careful  expei'iments  in  this  field  are  greatlj^  needed,  and  it  is  to  be  hojjed 
that  the  need  will  be  supplied  at  an  early  day.  In  the  mean  time,  the 
writer's  labor  will  not  be  in  vain  if  it  shall  incite  a  discussion  of  the  sub- 
ject, and  secure  its  further  investigation  by  comjoetent  hands. 
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Mr.  O.  Chantte. — It  is  iuterestiug,  but  perliai>s  misleading  to  note 
that  Mr.  Whinery,  from  purely  theoretical  considerations,  has  arrived 
almost  exactly  at  the  amount  of  curve  resistance  for  cylindrical  wheels, 
which  has  been  ascertained  to  exist,  by  experiment,  upon  ordinary 
wheels,  at  low  speed. 

As  the  resistance  depends  upon  the  number  of  degrees  of-  curvature 
traversed,  and  as  all  the  elements  enumerated  by  the  author  vary  with 
the  amount  of  sharpness  of  the  curve,  with  one  exception,  and  the  latter 
is  of  smaU  relative  importance,  we  may  reduce  these  elements  to  factors 
of  the  degree  of  curvature,  and  they  will  then  be  as  follows,  for  each  de- 
gree of  angular  deflection  per  hundred  feet  : 

Resistance  of  ciirves  in  jiounds  per  ton  j^er  degree,  4  feet  8^  gauge  : 

Twist  of  wheel,  or  rotation  on  itself 0.0010  lbs. 

Slip  of  wheel  on  shorter  inner  rail 0.1713    " 

Flange  friction  to  change  direction 0.2450    " 

Loss  of  power  at  couplings,  from 0.0020  to     0.0213    " 

Total  resistance  per  degi-ee 0.4386  lbs. 

The  last  element  alone  not  varying  directly  with  the  degree  of  curva- 
ture. 

"We  may  assume,  therefore,  that  the  result. of  the  investigation  is,  that 
curves  add  about  one-half  pound  per  degree  to  the  resistance  on  straight 
lines.     Some  additional  elements  being  stated  to  have  been  left  out. 

•Paper  CLIX,  Vol.  VII. 
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In  1854,  Zerali  Colburn  satis|ied  himself  in  a  series  of  experiments 
on  the  6  feet  gauge  of  the  Erie  Eailway,  that  the  curve  resistance  was 
about  one-half  pound  per  ton  per  degree,  and  this  factor  has  been  used 
upon  this  line  ever  since,  in  calculating  curve  resistances. 

In  1844  Mr.  B.  H.  Latrobe  made  a  series  of  36  experiments  on  curve 
resistance,  on  the  4  feet  8.V  inch  gauge  of  the  Baltimore  and  Ohio  Rail- 
road. The  average  result  of  these  experiments,  as  stated  in  Vose's 
"Manual  for  Railroad  Engineers,"  was,  that  the' resistance  was  G.80 
pounds  per  gross  ton  of  2  240  pounds,  on  a  straight,  level  line,  and  l:>.22 
pounds  i3er  gross  ton  on  a  curve  of  400  feet  radius,  or  an  angular  deflec- 
tion  of  14°  19^',  at  speeds  varying  from  U  to  3.^  miles  per  hour. 

The  resistance,  therefore,  was  as  follows  : 

Per  Gross  Ton.  Pel-  Net  Tou. 

On  curve  14^19 i' 13.22  pounds  11.81  pounds. 

On  straight  line 6. 80      "  <;. 07 

Increased  resistance. . .  6.42    pounds,  5.74    pounds. 

Increased  resistance  per  degree         0.4488       "  0.4008      " 

Or  almost  exactly  the  same  as  calculated  in  the  paper  of  Mr.  Whinery, 
Very  recent  experiments  (May,  1878),  upon  the  Metropolitan  Ele- 
vated Raih'oad  in  New  York,  have  shown  an  increased  resistance  pro- 
duced by  a  curve  of  90  feet  radius  (63'^  40')  of  350  pounds  for  a  single  cai* 
of  10  tons,  and  of  1  100  pounds  for  a  train  of  four  cars,  weighing  40  tons, 
both  with  fixed  wheels,  and  on  a  gaiige  of  4  feet  8^  inches.  Thus,  in 
th^  first  case  the  curve  resistance  was  0.5497  pounds  per  ton  i^er  degree, 
and  0.4319  pounds  per  ton  per  degree  in  the  second. 

The  latter  experiment  having  also  included  a  train  with  loose  wheels, 
it  may  be  interesting  to  give  the  details.  Each  train  consisted  of  four 
cars,  weighing  40  tons,  one  with  ordinary  wheels  fixed  on  the  axle,  and 
the  other  with  loose  Avheels.     The  curve  was  of  90  feet  radius. 

Rigid  Wheels,  Loose  Wheels, 

•to  Tou  s.  40  Tou  s. 

Traction  on  curve  (63"  40') 1  700  pounds       1  300  pounds. 

"  straight  line 600       "  450 

Increased  resistance 1  100  pounds         850  pounds. 

Increased  resistance  per  ton 27.50       "  21.25      " 

Curve  resistance  per  ton  per  degree .  . . .         0.4319   "'  0.3337  " 

It  will  be  noted  that  the  loose  wheels  show  a  less  resistance  than  the 
fixed  wheels,  by  22  or  23  per  cent. ,  both  on  curves  and  on  straight  lines. 
The  difference  on  straight  lines  proves  little,  the  trains  being  different  ; 
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-whether  the  difference  of  150  pounds  upon  the  curve  will  compensate  for 
the  increased  complication,  future  experience  must  decide.  The  resist- 
ance on  straight  lines  is  in  both  cases  too  great,  being  15  jiounds  per  ton 
for  the  fixed  wheels,  and  111  pounds  per  ton  for  the  loose  wheels,  while  at 
the  low  speed  at  which  these  experiments  were  tried,  it  is  generally  from 
4  to  10  pounds  per  ton  on  our  American  railroads. 

I  regret  not  to  have  at  hand  the  record  of  some  English  experiments, 
but  I  believe  that  the  British  practice  is  to  allow  about  one  pound  per 
ton  per  degree,  for  the  increased  resistance  on  curves. 

There  is  in  Spon's  "  Dictionary  of  Engineering"  a  very  full  account 
•of  the  .numerous  experiments  made  in  France  in  1862-3  and  4,  by  three 
French  engineers,  Messrs.  Yuillemin,  Guebhard  and  Dieudonne,  upon 
ihe  resistance  of  trains  under  all  conditions  of  working. 

Among  other  things,  they  ascertained  that  at  a  speed  of  15  or  16  miles 
per  hour,  a  curve  of  1  000  metres,  or  3  281  feet  radius  (say  1 J  degree 
■curve),  added  1  kilogramme  per  French  ton,  or  2  pounds  per  net  (Ameri- 
-can)  ton,  to  the  resistance  on  straight  lines.  On  a  curve  of  800  metres, 
radius,  or  2  624  feet  (say  2*^  10')  the  increased  resistance  was  3  pounds 
per  net  ton.  The  increased  curve  resistance,  therefore,  was  1.1428 
pounds  per  ton  i)er  degree  in  the  first  case,  and  1.3820  j^ounds  per  ton 
per  degree  in  the  second. 

It  must  be  I'emembered,  however,  that  these  English  and  French  fac- 
tors were  obtained  with  European  four-wheeled  cars,  whose  long,  rigid 
wheel  base  must  develop  greater  curve  resistance  than  our  short  and 
pivoting  American  truck. 

The  agreement  between  the  results  of  experiments,  and  of  the 
theoretical  calculations  in  the  paper  under  discussion,  Avould  be  more 
satisfactory  if  the  latter  had  been  made  for  conical,  instead  of  cylindrical 
wheels.  The  autbo]-  admits  that  on  a  curve  of  1  887  feet  radius,  with 
eoned  wheels  of  the  Pennsylvania  E.  E.  standard,  the  two  princii^al 
elements  of  resistance,  that  from  the  slip  of  the  inner  wheel,  and  the 
flange  friction  in  changing  the  direction  (amounting  together  to  0.4163 
pounds  per  ton  der  degree),  would  disappear  if  the  wheels  assumed  their 
proper  position  on  the  track. 

He  points  out,  however,  that  in  order  that  this  shall  occur,  two  condi- 
tions mvist  obtain  simultaneously  :  1st,  that  the  curve  shall  be  of  the 
radius  corresponding  to  the  coning  of  the  wheels,  and  2d,  that  the  speed 
^hall  correspond  to  that  for  which  the  outer  rail  is  elevated. 
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Not  only  do  these  two  conditions  but  seldom  occur  exactly  together  in 
practice,  but  there  is  an  additional  element  of  resistance,  incapable  of 
eiact  computation,  which  not  only  adds  considerably  to  the  resistance, 
but  prevents  the  wheels  from  adjusting  themselves  to  their  proper  iJosi- 
tion  on  the  track,  and  remaining  so  around  the  curve. 

This  consists  of  the  additional  flange  friction  which  results  from  the 
OBcillationsi  of  the  truck  upon  its  pivot.  These  occur  uj^on  straight  lines,. 
but  more  especially  on  curves  where  the  impulse  given  to  the  wheel  in 
changing  its  direction,  drives  the  truck  diagonally  towards  the  opposite 
rail.  These  oscillations  cause  the  wheel  flanges  to  impinge  first  on  one 
rail,  and  then  on  the  other,  and  thus  both  both  add  to  the  resistance,  and 
prevent  the  coning  of  the  wheels  from  being  continuously  effective. 

It  is  not  improbable  that  the  constant  variations  in  the  resistance  of 
trains,  indicated  by  the  dynamometer,  are  largely  caused  by  this  varying 
flange  friction,  due  to  the  swaying  of  the  truck  from  side  to  side. 

An  additional  element  of  resistance  is  due  to  the  fact,  that  the  axles 
being  held  rigidly  parallel  by  the  framing  of  the  truck,  cannot  assume  a 
truly  radial  position  to  the  curve,  and  hence  the  tendency  of  the  whole 
is  to  roll  in  a  straight  line,  even  when  the  coning  of  the  wheels  brings 
unequal  diameters  to  bear  upon  the  two  rails.  It  may  be  doubted,  there- 
fore, whether  the  fourth  element  of  resistance,  enumerated  by  the  author, 
that  due  to  the  flange  friction  requisite  to  change  the  direction,  is  ever 
eliminated  in  any  position  of  the  wheels  on  the  curve. 

It  may,  however,  be  noted  that  the  resistance  on  straight  lines  due  to 
the  coning  of  the  wheels,  has  been  considerably  over  estimated  in  the 
paper  under  discussion. 

The  author  is  quite  correct  in  stating  that  the  part  in  contact  between 
the  wheel  and  rail,  is  a  siirface.  The  metal,  being  elastic,  yields  in  both 
■wheel  and  rail,  and  the  portion  in  contact,  instead  of  being  a  line,  is  a 
parallelogram  more  or  less  irregular  in  outline.  I  measured  these  surfaces 
some  years  ago,  under  the  driving  wheels  of  locomotives,  and  found  that 
they  varied  from  0.13  to  0.42  of  a  square  inch  in  area,  corresponding  to 
pressures  from  85.961  to  26.  GOT  pounds  per  square  inch,  the  diagrams 
having  been  jjublished  in  the  "Railroad  Gazette"  for  April  21st,  1876. 

It  is  an  error,  however,  to  assume  that  for  car  wheels  this  parallelo- 
gram is  anything  like  one  inch  in  length,  transversely  of  the  rail.  This 
was  probably  arrived  at  by  assuming  that  the  portion  of  the  rail  kept 
bright  by  the  trains,  truly  reiDresents  the  length  of  contact.  This  bright 
portion,  however,  is  not  only  kept  so  by  the  action  of  successive  wheels. 
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many  of  them  much  woru,  which  strike  various  points  on  the  rail,  but 
is  also  largely  the  result  of  the  attrition  of  the  driving  wheels  of  locomo- 
tives, which  are  but  slightly  coned  in  the  flanged  tires,  and  not  all  in  the 
blank  tires.  It  does  not,  therefore,  give  a  true  measure  of  the  length  of  the 
parallelogram  of  contact.  It  is  i^robable  that  for  a  new  car  wheel  ujjon  a 
new  rail,  it  does  not  exceed  l  of  an  inch  in  length,  and  in  fact  the  bright 
streak  left  by  the  first  few  trains  ujjon  the  Elevated  Railroad  in  New  York, 
now  about  ready  for  operation,  does  not  exceed  |  to  J  of  an  inch  aerosa 
the  face  of  the  rail. 

The  error  in  the  assumption  of  the  length  of  this  surface  of  contact, 
causes  a  corresponding  error  in  the  calculations  of  the  resistance  due  to 
the  coning  of  the  wheels,  which,  instead  of  being  about  half  a  pound  per 
ton  on  a  straight  line,  is  probably  not  more  than  J  to  i-  of  a  pound  i>er 
ton,  or  materially  less  than  the  curve  resistance  for  a  single  degree,  while 
the  curve  resistance,  say  on  a  ten  degree  curve,  would  be  about  five 
pounds  per  ton. 

The  paper  is  so  interesting  and  valuable  that  it  is  to  be  hoped  that 
the  author  will  pursue  further  his  investigations,  and  give  to  the  society 
a  supplemental  paper  on  the  same  subject. 

Mk.  Charles  E.  Emery. — Mathematical  discussions  are  of  great 
value  in  enabling  the  well-understood  relations  of  sim^jle  physical  phe- 
nomena to  be  grouped  together  to  determine  approximately  questions  of  a 
higher  order,  and  the  resulting  expressions  in  turn  suggest  the  direction 
of  investigations  whereby  the  constants  in  the  equations  may  be  cor- 
rected, and  the  exi:)eriments  thereby  be  comprehensively  utilized. 

The  i^ajDer  of  Mr.  Whinery  under  discussion  is  of  gi-eat  interest,  and 
shows  evidences  of  thought  and  careful  preparation.  In  my  opinion, 
however,  he  has  omitted  two  elements  of  curve  resistance  and  over- 
estimated a  third,  while  two  other  elements,  separately  treated  in  his 
paper,  so  modify  each  other  that  they  should  be  jointly  considered.  The 
various  modifications  to  some  extent  balance  each  other,  but  all  are 
essential  to  a  complete  examination  of  the  subject. 

Both  elements  believed  to  be  omitted  affect  principally  the  flange  re- 
sistance. The  paper  discussed  only  the  resistances  of  this  kind  arising 
from  the  fact  that  pai'allel  axles  in  a  truck  cannot  take  radial  positions  on 
a  curve.  The  w^heels  tend  to  roll  in  a  tangent  but  by  flange  resistance 
are  continually  slipped  transvei'sely  on  the  rails.  (See  |  6.)  The  paper 
separately  estimates,  ^  5,  the  resistance  due  to  slipping  the  wheels  the 
distance  due  to  the  diff'erence  of  length  of  the  inner  and  outer  rails,  but 
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neglects  to  inchide  the  increased  flange  resistance  caused  by  the  longitu- 
dinal slij).  The  inward  slipping  due  to  the  parallelism  of  the  axles 
would  occur  if  the  wheels  on  the  two  ends  of  the  axle  could  turn  inde- 
pendently one  of  the  other,  but  the  flange  resistance  necessary  to  slip  the 
wheels  in  the  direction  of  the  rail  would  be  saved  by  the  use  of  inde- 
pendent wheels,  and  should,  therefore,  be  included  in  ordinary  cases 
where  the  wheels  are  rigidly  connected  to  the  axle. 

These  considerations,   however,  lead  us  to  the  conclusion  that  it  is 
erroneous  to  consider  the  longitudinal  and  transverse  slipping  separately. 


Referring  to  Fig.  1,  let  KBi  and  *S'>S'i  represent  curved  rails ;  OA  and 
OA^  two  radii  of  the  curve,  and  BC  and  BiC^  the  positions  of  the  leading 
axle  of  a  truck  corresponding  to  such  radii,  then  it  is  evident  that  as 
the  system  moved  through  the  angle  at  0,  the  wheels  at  B  and  (7  would 
tend  to  roll  in  parallel  lines  to  the  points  B,  and  C^,  but  would  be  forced 
to  move  to  the  positions  B^  and  C^.  That  is,  B  would  be  forced  inward 
a  distance  B^B^  and  forward  a  distance  B„B,,  so  the  actual  slip  would 
ec^ual  the  diagonal  B.,B^.  At  the  same  time  C  would  be  forced  inward 
a  distance  C,  Ci,  and  backward  a  distance  C^C.^,  so  the  actual  slip  of  the 
inside  wheel  would  equal  the  diagonal  C-^Ci.  Differences  in  the  distribu- 
tion of  the  weight  will  aftect  the  relative  amount  of  slip  on  the  two  rails, 
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V>ut  when  the  car  is  uniformly  loaded  on  the  two  sides  and  tlie  super- 
elevation of  tlie  outer  rail,  that  due  to  the  sj^eed,  the  slip  should  be  as 
per  diagram.  Corresponding  modifications  of  Mr.  Whinery's  formula 
will  be  submitted  when  his  paper  is  accessible  in  print. 

In  this  connection  it  is  suggested  also,  that  probably  formula  (4),  §  4, 
could  also  be  included  in  the  same  expression,  as  the  problem  of  twisting 
each  wheel,  or  practically  a  short  cylinder  on  the  rail  through  a  given 
angle,  is  m^^ch  the  same  as  slipping  two  connected  wheels,  or  practically 
a  long  cylinder  through  the  same  angle.  ' 

The  second  element  of  resistance  neglected  is  that  required  to  turn  the 
oar  through  the  angle  from  one  tangent  to  the  other.  If  we  suppose  a  car 
Viody  supported  on  a  single  truck,  and  propelled  on  a  curve  by  force  ap- 
plied to  the  truck  itself,  the  whole  mass  will  develojie  the  centrifugal 
force  discussed  in  |  1  of  the  paper.  The  car  body  would  not,  however, 
change  its  angle  in  space,  but  remain  in  al).  positions  on  the  curve  jiar- 
allel  with  its  original  position.     (See  Figure  2.)   Under  the  conditions 
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of  practice,  then,  force  must  be  applied  to  revolve  the  car  body  through 
the  angle  named.  If  the  body  be  fast  to  the  frame  carrying  the  wheels, 
as  in  short  cars,  the  angle  of  the  whole  mass  must  be  changed  on  a  centre 
passing  through  the  rear  axle,  and  the  force  required  to  make  the  change 
causes  extra  resistance  on  the  flange  of  the  outer  leading  wheel.  In  a  car 
with  two  trucks  each  must  be  revolved  by  the  leading  wheels  as  before, 
but  the  car  body  will  be  turned  by  the  leading  truck,  on  the  after  truck 
as  a  centre.  The  leading  truck  of  a  locomotive  makes  high  si)eed  j^ossi- 
ble  with  increased  safety  and  a  reduction  of  resistance,  as  the  mass  is 
piloted  around  the  curve  and  its  angle  changed  oy  force  applied  well  for- 
ward of  the  centre  of  gyration,  in  relation  to  the  after  rigid  wheel  base. 
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Similar  advautages  are  obtained  with  <rar  American  double  bogie  cars . 
In  cars  with  the  body  fast  to  the  frame  carrying  the  wheels,  as  in  street 
cars,  the  front  wheels  generally  fall  inside  the  centre  of  gyration  of  the 
mass  to  be  revolved,  and  with  the  corresponding  loss  of  leverage  the 
flange  resistance  is  materially  increased.  The  force  required  to  turn  the 
ear  is  in  any  case  evidently  too  imijortant  to  be  neglected. 

I  must  disagree  with  the  author  that  the  tractive  efforts  transmitted 
from  one  car  to  another  on  a  curve,  are  reduced  at  each  car  in  the  pro- 
portion of  the  cosine  of  the  exterior  angle  of  the  funicular  jjolygon,  to 
radius.  (See  |  8.)  It  is  simply  the  i^roblem  of  deflecting  a  force  as  is 
done  when  a  rope  under  strain  is  wound  round  a  pulley  ;  the  train  being 
practically  a  chain  for  transmitting  jjower.  A  lateral  force  is  developed 
in  changing  the  direction  represented  apin-oximately  by  the  sine  of  the 
angle  referred  to  (or)  a  fraction  of  the  angle.  (See  equation  10.)  But 
this  force  is  not  exjiended,  except  so  far  as  it  produces  friction  on  the 
flanges  and  the  shoulders  of  the  axles. 

In  resjject  to  coning  the  wheels,  I  would  state  that  some  years  since, 
when  riding  at  a  high  rate  of  speed  on  the  Erie  Eailroad,  I  observed  that 
the  car  ran  from  side  to  side  of  the  track,  bringing  up  with  a  jolt  against 
the  flanges.  This  was  attributed  at  the  time  to  coned  wheels,  and  it  is 
probable  that  slight  curves  and  other  causes  were  sufficient  to  start  the 
car  in  a  sidling  movement,  which  the  coning  of  the  wheels  maintained  in 
accordance  with  the  ordinary  principles  of  vibration.  The  eifect  of  in- 
sufficient elevation  of  the  outer  rail,  is  plainly  observable  on  the  Balti- 
more &  Ohio  Railroad.  The  track  being  regulated  for  coal  traffic,  in  many 
places  the  cars  of  express  trains  are  thrown  violently  against  the  outer 
rail,  and  rebounding,  are  thrown  out  again  and  again,  i^roducing  very 
impleasant  sensations. 

The  contradictory  results  of  experiments  on  curve  resistance  are 
probably  due,  in  most  cases,  to  changes  of  speed  on  the  curve.  While 
the  sjjeed  is  slacking,  the  dynamometer  will  show  less  strain  than  is  due 
to  the  actual  resistance  ;  the  reduction  of  the  vis  riva  of  the  mass  devel- 
oping a  x3ropelling  force  ;  while,  if  the  engine  is  worked  harder,  for  the 
moment,  the  indications  of  the  dynamometer  will  be  in  excess  of  the  true 
curve  resistance  by  an  amount  corresponding  to  the  increase  of  speed. 
Some  want  of  correspondence  among  resiilts  with  the  dynograph  I  could 
only  explain  in  this  way.  No  dynamometer  experiments  can  be  entirely 
reliable  unless  condxicted  in  connection  with  a  velocimeter,  by  means  of 
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which  either  the  speed  may  be  regulated  or  proper  corrections  made 
afterward  in  the  results.  Marking  the  time  at  intervals  on  the  dynamo- 
meter diagram  or  a  sheet  of  pajaer,  traversed  by  the  train,  is  not  suffi- 
cient.    A  continuous  register  of  the  velocity  is  necessary.* 

Mr.  Edmund  Yakdley. — Refinements  in  calculation  to  determine  the 
elevation  of  the  outer  rail  on  curves  seem  to  me  rather  unnecessary,  since 
the  element  of  speed  in  miles  per  hour  which  enters  the  formula  cannot 
be  assumed,  but  the  j^roper  elevation  due  to  the  avevage  speed,  all  things 
considered,  must  be  determined  experimentally. 

The  following  example,  covering  exjDerience  for  a  number  of  years- 
may  prove  interesting.  When  an  assistant-engineer  on  the  Pennsyl- 
vania Railroad  at  Pittsburgh,  in  1859,  I  gave  one  of  the  sub-division 
foremen,  at  his  request,  the  figures  for  the  elevation  of  his  curves,  merely 
copying  from  Henck's  table  the  figures  for  30  and  40  miles  i^er  hour.  On 
my  returning  to  the  Pittsburgh  Division,  nine  years  afterwards,  he  told 
me  that  when  he  j)ut  up  his  curves  to  the  figures  given  in  the  table  for 
30  miles,  the  trains  ran  around  them  to  his  perfect  satisfaction.  The 
figures  were  as  follows  :  1°  f ;  2°  If;  3^  1^";  4°  2|";  5°  3",  &c.  His 
division  was  the  first  four  miles  east  of  Pittsburgh,  the  track  there  has  a 
grade  of  about  52  feet  jier  mile,  and  the  curves,  as  I  remember,  were 
from  2°  to  4 '.  As  it  was  double  track,  and  I  understood  him  to  say  he 
used  the  same  figures  for  both  tracks,  we  must  have  had  si)ee(ls  here 
varying  from  10  to  40  miles  per  hour. 

While  on  this  subject,  let  me  suggest  that  answers  to  the  following 
questions  would  be  interesting  : 

1st.  What  is  the  true  criterion  for  the  projier  elevation  of  a  curve  ?  Is 
it:  1st,  that  the  train  shall  pass  round  with  the  greatest  smoothness,  or 
2d,  that  both  rails  should  wear  equally  ?  My  opinion  is,  that  the  second 
is  the.  correct  one,  the  passage  of  the  train  being  due  to  correct  align- 

*  In  the  above  connection,  I  will  state  that  in  testing  the  resistance  of  street  cars  recently, 
1  found  that  the  customary  springing  forward  of  the  horses  on  apisroaching  a  curve  entirely 
vitiated  the  results,  and  no  satisfactory  records  could  be  obtained  until  the  cars  were  tried  ou 
a  sharp  curve  and  steep  grade,  where  a  hard,  steady  pull  was  necessary.  A  practically  uniform 
velocity  of  approach  was  obtained  by  stopping  each  car  six  feet  before  the  beginning  of  the 
curve.  The  experiments  appeared  to  show  that  the  mean  tractive  effort  required  to  propel  a 
street  car  at  a  slow  siieed  on  the  level,  is  11.8  poumis  per  ton.  Wheels  30  inches  in  diameter; 
journals  2|  ■  G  inches,  weight  of  car,  empty,  4  500  pounds.  The  resistance  on  a  level  curve  of 
40  feet  radius  was  for  rigid  wheels  53.-57  pounds  per  ton  of  2  000  pounds,  and  for  independent- 
wheels  34.03  pounds  per  ton,  making  the  saving  in  total  resistance,  due  to  the  use  of  the  latter, 
36.48  per  cent.  Deducting  from  each  11.8  pounds  the  resistance  on  a  straight  line,  the  saving; 
in  curve  resistance  proper  was  found  to  be  46.78  per  cent. 
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ment.     The  foreman  above  spoken  of  adopted  the  first,   so  that  I  am 
in  doubt  whether  to  be  satisfied  with  his  couchision.  or  not. 

2d.  Can  you  elevate  the  outer  rail  sufficiently  to  keep  the  flanges  of 
the  Avheels  away  from  it,  so  that  they  will  not  cut  (I*  never  had  it  occur, 
but  I  am  informed  that  it  has  happened).  If  so,  what  were  the  elevation 
-and  other  conditions  of  the  case  ;  Avere  the  wheels  excessively  coned  ? 

Mb.  Edwakd  p.  North.— I  wish  to  call  attention  to  the  fact  that 
though  a  single  pair  of  wheels  would  go  around  a  3-  curve  without  flange 
friction,  in  efi'ect  two  pairs  of  Avheels  are  placed  in  a  truck  Avith  their 
^xles  rigidly  parallel,  and  in  that  case  the  system  will,  on  a  level  surface, 
.advance  in  a  right  line,  even  if  both  the  wheels  on  one  side  of  the  truck 
.are  of  greater  diameter  than  those  on  the  other  side.  From  which  it 
Avould  seem  that  aside  from  the  necessities  of  manufacture  and  affording 
a  margin  for  Avear,  there  are  no  advantages  to  be  derived  from  coning 
the  wheels, 

Me.  Chakles  L.  Mc Alpine. — Petersburg  and  Eichmond,  Virginia, 
feU  into  the  hands  of  the  Federal  troops  near  the  close  of  the  war. 

The  base  of  the  latter  for  many  months  had  been  at  City  Point  on  the 
James  River. 

Early  one  morning  imperative  orders  were  received  to  run  the  trains 
of  the  United  States  Military  Railways  into  Petersburg  Avith  the  least 
j)ossible  delay. 

This  was  done  by  noon  of  the  same  day,  under  circumstances  that 
would  be  most  interesting,  but  foreign  to  the  subject  under  discus- 
sion. 

This  order  Avas  followed  up  by  another  ;  that  railroad  communication 
with  Richmond,  should  be  effected  at  once. 

The  railroad  bridge  at  Petersburg,  over  the  Appomattox,  had  been 
loiirned.  No  connection  at  that  jilace  had  ever  been  made  in  peace 
times,  and  the  first  examinations  shoAved  that  heavy  excavations.  &c., 
requiring  iime  (for  which  the  department  never  made  alloAvance),  7nust 
be  made,  before  any  reasonable  connection  with  the  Richmond  line  could 
be  effected. 

This  drove  the  engineer  in  charge  into  the  apparently  inadmissable 
<:-urve  adoi^ted. 


*  My  experience  led  me  to  think  it  never  would  occur,  since  tlie  slow  freight  trains  up 
the  mountain  cut  away  the  outer  rail  on  the  curves  at  Kittaning  Point. 
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Contrary  to  tlie  advice  of  trackman  and  bridge  builders,  a  sharp  curve- 
was  laid  out,  of  more  than  one  hundred  degrees,  with  a  radius  of  fifty  feet,. 
on  what  was  to  become  the  main  line. 

The  curve  was  on  trestle  work,  and  the  outside  posts  were  framed  eiglit 
inches  longer  than  the  inner  ones.     The  ties  were  of  sound  white  pine,, 
three  inches  in  thickness,  and  the  rails  were  double  spiked. 
Two  guard  rails  were  used,  also  double  spiked. 

The  locomotive  engineers  generally  condemned  the  bridge  and  curve 
at  first  sight  after  completion,  and  a  strong  jarejiidice  was  created  against 
it.  But  the  writer  selected  the  worst  curve  foUowiug  engine  in  the  ser- 
vice, the  "  Government,"  and  ordered  her  to  make  the  first  trial. 

Walking  backwards,  and  in  front,  as  this  engine  slowly  made  its  way, 
it  was  easy  to  j)erceive  her  action  on  this  sharp  curve. 

A  little  pressure  on  the  outer  rail,  seemed  to  drive  the  wheels  (both  of 
the  trucks  and  drivers)  down  on  to  the  inner  rail,  and  demonstrated  prac- 
ticallywhat  had  been  intended,  that  the  trains  must  be  i^assed  through 
the  curve  at  greater  speed. 

Thereafter,  when  the  locomotive  men  became  accustomed  to  the  curve 
the  speed  through  it  was  usually  from  eight  to  ten  miles  an  hour. 

A  very  large  traflSc  passed  over  this  curve  for  months  afterwards,  suji- 
plying  the  armies  of  occupation  in  Richmond,  and  at  other  points  to  the 
southward,  and  no  accident  or  trouble  whatever  was  experienced  at  the 
place  in  question. 

Mr.  F.  Colmngwood. — The  question  of  friction  on  curves  naturally 
leads  to  the  discussion  of  the  various  methods  laro^Dosed  for  obviating 
the  difficulty,  and  in  this  connection  I  wish  to  speak  of  some  recent 
experience  at  the  East  River  Bridge.  The  tramway  used  for  transport- 
ing material  from  the  i)ier  on  the  East  River  to  the  anchorage  and  ap- 
proach  has  curves  of  twenty-nine  feet,  thirty-four  feet,  forty-six  feet  and 
sixty  feet  radius,  and  a  gauge  of  four  feet  eight  and  a  half  inches. 

In  designing  the  cars,  the  axles  were  made  rigid,  and  wheels  loose  ; 
and  as  they  are  for  carrying  heavy  loads,  there  are  no  si^rings. 

While  the  cars  are  new,  they  work  very  well  by  giving  a  litle  end 
play  to  the  wheels  ;  Init  after  the  holes  in  the  hubs  become  worn,  it  is 
only  by  giving  great  freedom  in  the  gauge,  and  at  "jDoints,"  that  we 
can  keep  them  on  the  track. 

I  am  satisfied  that  a  much  better  arrangement  would  be  to  have  the 
wheels  fixed,  and   di\'ide   the   axles   in   the   middle,  using  either  long 


108 

sheaves  to  connect  tliem,  or  central  boxes.  This  would  no  doubt  lessen 
the  friction  materially  and  be  free  from  the  gi-eat  trouble  caused  by  wear 
in  the  hubs. 

Another  difficulty  experienced  is  the  passage  of  reverse  curves,  where 
there  is  no  tangent  between  them.  With  such  sharp  curves,  it  is  abso. 
lutely  essential  to  elevate  the  outer  rail,  and  the  result  is  that  some  one 
of  the  wheels  is  lifted  free  from  the  track  as  the  car  passes  from  one 
curve  to  the  other.  In  the  management  of  the  cars,  a  great  deal  depends 
upon  the  skill  of  the  driver  in  the  projaer  use  of  the  brake,  and  keeping 
the  proper  line  of  draft,  to  overcome  the  tendency  to  derailment. 

Mk.  WixiLIam  H.  Paine. — In  an  examination  of  certain  mechanical 
apjjliances,  intended  to  obviate  the  rigid  axle,  I  have  observed  that  the 
Amount  of  lost  motion  was  so  great  that  a  really  contrarj'  motion  or 
resistance  was  the  result. 
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ON  THE   CAUSE  OF  THE    MAXIMUM  VELOCITY    OF   WATER 

FLOWING  IN  OPEN  CHANNELS  BEING  BELOW  THE 

SURFACE. 


By  Jaiies  B.  Francis,  C.  E.,  Meinher  of  the  Society. 

Hydraulic  engineers  have  been  very  iinwillin,2;  to  admit  that,  generally, 
in  ojien  channels  the  greatest  velocity  is  not  at  the  surface,  hut  at  some 
distance  below  ;  the  fact  is,  however,  now  too  well  estal)lished  by 
numerous  experiments  to  be  any  longer  doubtful.  Some  have  attrilnited 
it  to  the  resistance  of  the  air,  and  this,  un(loubt?dly,  must  frequently 
tend  to  produce  such  an  effect,  more  particularly  when  the  wind  is 
strongly  opi^osed  to  the  current;  but  it  has  been  observed  that  the 
gi'eatest  velocity  is  at  some  distance  below  the  surface  when  the  wind 
is  in  the  same  direction  as  the  current,  when  its  tendency  must  be  to 
quicken  the  surface  velocity. 

At  Lowell,  Massachusetts,  the  water  drawn  from  the  canals  by  the 
manufacturing  companies,  is  in  several  cases,  gauged  in  what  are  there 
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Ciilled  measuring  fluDtes.  These  are  conwtnieted  in  parts  of  tlie  oauals 
where  the  section  is  rectangular  and  the  alignment  as  free  from  bends  or 
other  irregularities  as  ^jracticaljle  ;  thev  are  simply  linings  of  the  bottom 
and  sides  with  smooth  planking,  retaining  the  direction,  and,  as  nearly 
as  iiracticable,  the  dimensions  and  form  of  the  canal.  The  velocity  of 
the  flow  in  these  flumes  is  ascertained  by  means  of  tin  tubes,  loaded  at 
one  end  with  lead,  so  as  to  sink  nearly  to  the  bottom.'  It  is  observed 
that  there  is  a  continual  change  in  the  velocity  in  all  parts  of  these 
channels,  although  there  may  be  no  sensil)le  (change  in  the  volume  of 
water  flowing,  and,  cons^ipiently,  none  in  the  mean  velocity  ;  this  miist 
result  from  a  continual  change  in  the  j^osition  of  the  currents  moving 
with  difiereut  velocities. 

Tlie  contact  of  the  water  with  the  plaidiing  forming  the  sides  of  the 
flume  retards  the  velocity  of  the  adjacent  parts  of  the  stream  ;  parts 
more  distant  from  the  sides  move  more  rapidly  ;  this  difi'erence  in 
velocity  tends  to  produce  eddies  in  Avhich  the  water  is,  of  course,  moving 
in  all  directions.  One  eflect  of  this,  I  think,  is  to  allow  some  of  the 
quicker  moving  currents  to  peneti'ate  those  moving  more  slowly,  and  to 
detach  masses  of  water  from  the  slow  currents,  and  force  them  further 
from  the  sides,  where  they  become  the  slower  currents  among  those 
moving  quicker. 

To  ascertain  the  velocity  in  diff'erent  parts  of  the  Avidth  .of  the  flume,- 
the  tubes  are  put  into  the  water,  and,  when  in  a  vertical  jjosition,  are 
;d>andoned  to  the  current,  and  the  time  of  tlieir  passage  between  two 
cross  sections  observed  ;  from  this  their  mean  velocity  is  obtained.  To 
test  this  method  of  gauging  the  flow  of  water,  experiments  were  made  in 
a  flume  fitted  \i\)  for  the  purpose,  in  which  the  usual  causes  of  irregular 
motions  Avere  reduced  to  a  minimum.  The  arrangements  for  ascertain- 
ing the  v-elocities  of  the  tubes  l)y  means  of  an  electric  telegra|)h  and  a 
•marine  chronometer,  oj)ei'ated  l)y  skillful  ol)servers,  also  rediiced  the 
ii^rrors  of  observation  to  a  minimum. 

The  variations  in  the  velocity  in  ijarticulai'  jjarts  of  the  flume 
when  there  was  no  sensible  change  in  the  mean  velocity,  Avere,  hoAvever, 
\-ery  marked.  This  is  plainly  shoAvn  by  the  diagrams  in  Plate  XVII., 
Lowell  Hydraulic  Experiments,*  in  which  the  velocities  in  several 
observations  are  represented  by  the  ordinates  of  the  small  ckcles  and 
the  mean  velocity  by  the  corresponding  ordinate  of  the  full  line.     The 

*  Lowell  Hydraulic  Experiments,  2d  Edition.    D.  Van  Nostrand.     New  York.    1868. 
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vai-iiitioiis  iu  the  ordiuates  of  tlie  small  cin-les  for  the  same  abscissa, 
indicate  the  changes  of  velocity  at  that  part  of  the  flume,  which  result 
from  the  changes  iu  the  currents. 

In  the  diagram  of  Experiment  1  tht^  variations  extend  from  8.57  per 
■cent,  above  tlie  mean  to  ll.iO  j^er  ^cent.  below  ;  the  average  variation  in 
thirty  observations  in  different  parts  of  the  width  of  the  flume  being 
about  3.12  per  cent.  These  variations  are  deduced  from  the  mean 
velocities  of-  the  tubes  through  a  course  of  seventy  feet  ;  the  variations 
in  some  parts  of  the  course  must  have  largely  exceeded  these  averages. 
The  variations  in  velocity  just  described  are  deduced  from  exact  observ- 
jitions  iu  different  parts  of  the  Avidtli  of  the  stream  ;  similar,  and  proi)- 
ably  greater,  variations  must  occur  iu  different  parts  of  the  dejjth, 
resulting  from  the  same  cause,  namely,  the  constant  interchange  in  the 
])osition  of  the  currents  moving  with  different  velocities  ;  we  have  not, 
however,  the  ol  )servations  at  hand  to  verify  it,  and  they  Avould  not  be 
so  readily  made  ;  but  we  may  safely  infer  from  those  already  described, 
that  they  do  exist.  In  rectangixlar  channels  in  which  the  depth  is  less 
than  half  the  width,  the  retarding  effect  of  the  bottom  must  exceed  that 
of  the  sides,  and  the  eddies  and  other  irregiilar  motions  resulting,  must 
Uf  greater  in  the  same  ratio,  and  the  effect  previously'  described,  of  the 
(piicker  currents  i)enetrating  those  moving  slower,  and  detaching,  and,  in 
this  case,  forcing  upwards,  masses-  of  the  slow  moving  water,  must  occur 
to  a  greater  extent  than  results  from  the  retardation  claused  l»y  the  sides. 

These  slower-moving  masses  v\'ould  l)e  carried  along  by  the  quicker 
moving  water,  and  would  soon,  but  not  at  once,  acquire  the  same  veloc- 
ity; man}'  of  these  would  reach  the  srxrface  before  fully  acquiring  the 
normal  velocity,  where  their  living  force,  in  a  vertical  direction,  would 
be  expended  in  sprea'ding  out  laterally,  and  where  the  force  was  consid- 
erable, in  producing  the  Ijoils  so  frequently  seen,  particularly  in  natural 
water  courses. 

The  constant  recurrence  of  the  same  phenomena,  must  cause  an  ac- 
cnniulatiou  of  water  at  and  near  the  surface,  moving  with  a  mean 
velocity  somewhat  less  than  the  mean  velocity  of  the  water  at  some  dis- 
tance below  the  surface.  If  these  views  are  correct,  there  must  be  a  con- 
stant movement  of  Avater  from  near  the  bottom  of  an  open  channel  of 
running  water  to  the  surface;  to  test  this,  the  following  experiments  w^erc 
lUiide  in  the  canals  at  Lowell,  supplying  the  manufacturing  establish- 
juents  with  water  for  motive  power. 


112 

EXPERIMENTS   IN    THE   WESTERN   CANAL,    JIXY   6,    1867. 

These  experimeuts  were  made  in  a  straight  reach  of  the  canal,  about; 
1  200  feet  in  length,  in  which  the  section  was  nearly  nniform,  viz. :  abont 
20  feet  wide  at  bottom,  50  feet  wide  at  the  surface  of  the  water,  and 
about  10  feet  deep.  The  velocity  of  the  water  in  the  middle  of  the  canal 
at  the  surface,  was  about  3. 4  feet  per  second.  No  water  is  added  to  or 
abstracted  from  the  canal  in  this  reach.  This  canal  is  excavated  i^artly 
in  gravel  and  partly  in  rock;  the  bottom  of  the  canal  is  now  all  gravely 
with  a  few  small  stones  which  have  rolled  in  from  the  sides;  a  portion  of 
the  sloping  sides  are  rock;  much  the  longest  portion,  however,  in  the])art 
of  the  reach  where  the  experiments  were  made,  is  gravel,  having  only 
moderate  inequalities  of  surface.  A  large  flat-liottomed  boat,  drawing  -a 
few  inches  of  water,  was  moored  about  500  feet  from  the  up-stream  end 
of  the  reach.  On  one  side  of  the  boat,  in  the  middle  of  the  canal,  a  lead 
pipe  of  two  inches  interior  diameter,  attached  to  a  small  post,  was  placed 
vertically,  with  the  lower  end  bent,  so  that  the  centre  of  the  lower  orifice 
Avas  about  five  inches  above  the  bottom  of  the  canal,  and  pointed  down 
stream,  in  the  direction  of  the  current.  The  pipe  extended  about  foiir 
feet  above  the  surface  of  the  water,  and  was  connected,  at  its  upper  end, 
to  a  tub  which  contained  about  3.1  cubic  feet  of  whitewash.  In  the  bot- 
tom of  the  tub  was  an  orifice,  communicating  with  the  pipe,  which  could 
be  closed  by  a  plug. 

At  the  commencement  of  an  experiment  the  tub  Avas  nearly  filled  with 
whitewash,  at  a  given  signal  the  plug  was  witlulrawn,  the  whitewash  was 
discharged  at  the  lower  orifice  in  about  22";  observers  were  station- 
ed on  the  banks  beloAv,  to  note  the  ai^pearance  of  the  whiteAvash  at  the 
surface.  The  water  was  nearly  clear,  permitting  the  banks  to  be  seen  at 
a  depth  of  three  or  four  feet. 

Eight  trials  were  made,  in  Avhich  the  whitewash  appeared  at,  or  A'ery 
near,  the  surface,  at  distances  from  the  lower  orifice  in  the  pipe  varying 
from  about  100  to  175  feet;  the  mean  of  the  distances,  as  recorded,  being 
129  feet. 

EXPERIMENTS   IN   THE   NORTHERN   CANAL,    .JULY   25,    18()7. 

These  experiments  were  made  in  a  reach  of  the  canal  of  uniform  sec- 
tion, straight,  free  from  obstructions,  and  about  1  100  feet  in  length,  in 
which  no  water  was  added  or  abstracted.  The  canal  has  Availed  sides, 
and  is  97  feet  wide  at  the  l)ottom  and  103  feet  at  the  surface  of  the  water, 
Avhich  is  16.5  feet  in  depth;  a  small  portion  of  the  excavation  is  in  rock; 
the  bottom  of  the  canal  is  nearly  all  gravel,  with  ii-regularities  of  eleva- 


113 

tion  of  only  a  few  inclies.  The  sides  are  walled,  except  at  a  few  points 
•wliere  the  rock  projects,  in  no  place,  however,  more  than  1.5  "feet  from  the 
line  of  the  face  of  the  wall.  The  velocity  of  the  water  in  the  middle  of 
the  canal,  at  the  surface,  was  about  2.2  feet  per  second. 

An  examination  of  the  bottom  of  the  canal  was  made  a  few  days  before 
the  experiments  were  made,  the  water  having  been  drawn  off;  at  this 
time  all  the  stones  on  the  bottom  exceeding  about  three  inches  in  their 
smallest  dimension,  were  removed  from  the  central  parts  of  the  canal  and 
placed  near  the  sides.  The  fiat-bottomed  boat,  used  in  the  western  canal, 
Avas  moored  near  the  middle  of  the  reach,  and  arrangements  made  for 
■discharging  whitewash  near  the  bottom  of  the  canal,  similar  to  those  in 
"the  western  canal,  previously  described,  the  pipe  being  of  wood,  four 
inches  square  inside,  to  the  top  of  which  was  attached  a  tub  holding  5.56 
cubic  feet  of  Avhitewash,  which  was  discharged  on  the  removal  of  a  plug, 
in  about  four  seconds. 

Five  trials  were  made,  in  which  the  whitewash  appeared  at,  or  near, 
the  surface,  at  distances  varying  from  about  300  to  500  feet  from  the  point 
at  which  it  was  discharged  into  the  canal.  The  sides  of  the  canal  are 
l)ut  little  above  the  level  of  the  surf-ace,  which,  combined  with  the  width 
•of  the  canal,  did  not  permit  the  observations  to  be  made  so  definitely  as 
in  the  western  canal,  where  the  banks  are  higher  and  the  canal  about  one- 
lialf  the  width;  aboiit  530  feet  below  the  point  where  the  whitewash  was 
discharged  a  bridge  crosses  the  canal,  from  which  the  whitewash  was 
seen  at  or  very  near  the  surface  on  the  iip-stream  side  of  the  bridge,  in 
■each  of  the  five  trials.  In  one  trial  only  the  Avhitewash  was  observed  at 
-about  300  feet  from  the  point  where  it  was  discharged.  In  one  trial  the 
Avhitewash  was  first  seen  near  the  Ijridge  in  1'  55''  after  it  was  discharged, 
and  masses  of  it  continued  to  be  seen  at  short  intervals  for  about  1'  30". 
In  another  trial  it  was  first  seen  near  the  bridge  in  4'  58"  after  it  was  dis- 
•charged  and  continued  to  be  seen  for  about  1'  20".  The  whitewash,  as 
it  appeared  near  the  surface,  approaching  the  bridge,  was  much  diffused, 
l)ut  quite  distinct,  and  in  masses  resembling  the  globular  masses  of 
«moke  discharged  from  chimneys,  at  some  distance  from  the  tops  of  the 
•chimneys. 

From  these  experiments  it  appears  that  the  water  at  the  bottom  of  the 
streams  came  to  the  surface,  at  distances  varying  from  about  ten  to  thirty 
times  the  depth,  the  shorter  distances  being  in  the  canal  of  the  least 
<depth  and  most  uneven  bed. 
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THE  FLOW  OF  WATER  IN  FIFES  UXDER  PRESSURE. 


By  CiiAiiLES  G.  Daeeach,  C.  E.,  Memlior  of  the  Society. 


In  the  well  kiio-\vii  equation  for  the  tlmv  of  water  in  pipes, 

-,  „       CL  m  v-        ,  „      -imLv'  * 
^'   =~2gS      '''^'='^gd^ 

tlie .value  of  "«^"  has  been  given  hy  various  experimenters  for  straight 
clean  pipes  of  different  diameters,  and  for  different  velocities. 

The  following  tables  have  been  deduced  from  experiments  on  the 
pumping  mains  of  the  Philadelphia  Water  Works,  and  show  the  effect 
produced  by  abrupt  bends,  check  valves  and  foul  pipe. 

The  temperature  of  the  water  was  a!)out  0)2",  and  its  weight  has  been 
considered  as  C2.338  lbs.  per  cul)ic  foot. 

*  A' '  =  friction  head  in  feet.  C  =  contour  of  pipe  in  feet. 

11  =  velocity  of  flow  in  feet  per  second.  S  =  sectional  area. 

g  =  32  feet.  L  =  lengtli  of  pipe  in  feet, 

m  =  coefficient  of  flow.  d  =  diameter  of  pipe  iu  feet. 

-  -  =     —  =  hydraulic  mean  radius  in  feet. 
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ExpEKiMENT  No.  1. — May  23,  1878. 

Belmont  Works — 30-in.  main,  laid  in  1869.  Engine,  "  Wortliington." 
5  per  cent,  deducted  tor  slip.  One  curve,  of  short  radius.  Gauge  on 
main  outside  check  valve. 
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EXPEEIMENT  No.  2.— JuXE  1,  1878. 

Spring  Garden  Works— 36-in.  main,  laid  1871.     Engine,  "  Simpson.' 
All  curves,  25  feet  radius  ;  no  checks. 

2nh"d 


36-iNcn  Main,  Seven  Yeaus  Old. 
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ExPEiuMENT  No.  3.  — June  1,  1S78. 
Eoxhorougli  Works.     20"  main— laid  in  18G7.     Engine— "  Wortliing- 
ton."'     5  per  cent.  detUieted  for  slip.     One  quarter  turn  at  basin.     Gauge 
on  pump. 
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ExPEKniENT  No.  4. — Jx'NE  5,  1878, 
Delawiii'c  Works.    36"  main.    Laid  in  1871.  Engine  — "Wortliington." 
5  per  cent,  declnetion  for  slip.     Gauge  on  stand  pipe.     Curves  in  jjipe 
made  with  25  feet  radius,  excejjt  at  the  liasin  where  90°  ai-e  made  with  a 
T  pipe. 
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ExPEBiMENT  No.  5. — June  6,  1878. 
Fraukfovd  Works.     30"   main  laid  1876.     Engiue    "Cramp."     5  per 
cent,  deducted  for  slip.     Gi'ade  undulating. 
Curves  of  25  feet  radius. 
4  check  valves  on  main. 
Area  of  openings  in  check,  750  sq.  inches. 
Weight  of  valve,  320  lbs.  in  1  check. 
Gauge  on  air  vessel.     Weight  of  4  checks.      1  280  lbs. 
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Deduction  From   Experiment  No.  5. 

Frankford  30'  Main. — The  check-valves  in  the  main  produce  a  pres- 
-snre  of  1.8  lbs.  per  square  inch,  which  is  equal  to  a  head  of  4.16  feet. 
This  amount  deducted  from  the  friction  head  in  Table  No.  5  gives  the 
•corrected  friction  head  : 

'2,gh"d 
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EXPEEIMENT  Xo.    G. — JuxE   11,    1878. 

Eoxhoroiigh  30-ineh  Main  laid  1878. — Engine,  "  Wortliiugtou.'*" 
5  per  cent,  deducted  for  .slip.  One  quarter  turn.  All  other  turns  made 
witli  curve  pipe  of  25  feet  radius.     Two  check-valves  on  main. 

The  weight  of  tlie  valves,  1.3  lbs.  per  square  inch,  has  been  deducted 
from  the  observed  pressure  on  the  gauge. 

30-INCH  Maix.    New. 
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DISCUSSIONS    O.N 


TliK  CAUSE  OF  THE  MAXIMUM  VKL(JCITY  OP  WATER  FLOWING 

IX  OPEN  CHANNELS  JIEING  BELOW  THE  SUllFACE,  AND  ALSO 

ON  THE  FLOW  OF  WATER  IN  PIPES  UNDER  PRESSURE.* 

By   Theudoke  G.  Elli.s,  Chaeles  E.  Emery,  CiiEMENS  Herschel,  De 
YoLsoN  Wood  and  J.  T.  Fanning. 


Treouore  G.  Eel  is.  -I  think  Mr.  Francis  is  nndoiiljtedly  right  in 
saying  that  it  is  not  the  efifect  of  wind  or  the  resistance  of  the  air  upon 
the  surface  of  the  water  that  causes  the  retardation,  as  numerous  experi- 
ments have  i^roved  that  when  _  the  wind  is  lilowing  down  stream  the 
water  will  still  be  retarded  at  the  surface.  It  is  likewise  true  that  the 
currents  are  all  the  time  being  interlocked  and  mixed.  The  thread  of 
greatest  velocity  is  never  long  in  the  same  place  ;  it  is  constantly  sway- 
ing from  side  to  side  and  rising  and  falling.  But  I  cannot  readily  under- 
stand Mr.  Francis'  idea  of  the  coming  up  of  more  slowly  moving- 
masses  of  matter  from  tlie  resistance  of  the  bottom — in  the  shajje  of  a 
curve.  From  observations  upon  the  Mississippi  and  other  rivers  it 
would  appear  that  if  the  resistance   conies   from  the   l)ottom   and  acts 


*  RefeniD-,'  to  Pajiers  CLX  aud  CLXI,  Vol.  VII  (May,  1878). 
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rlirectlv  nii"nards,  every  particle  of  water  that  moves  from  tlie  bottom 
must  pass  tlirough  the  thread  of  greatest  velocity.  I  do  not  see  any 
good  reason  why  the  greatest  velocity  of  this  thread  should  not  be  given 
to  every  iiarticle  of  Avater  that  passes  up  throngh  it.  If  the  retardation 
is  communicated  from  tlie  bottom  to  the  top,  it  must  be  in  ciirves,  so 
that  the  rising  water  must  have  a  retrograde  movement  as  it  passes  above 
the  thread  of  greatest  velocity  before  it  gets  to  the  top.  It  cannot,  it 
seems  to  me,  be  transmitted  directly. 

It  has  troubled  hydraulic  engineers  a  great  deal  to  know^  what  cause-s 
this  resistance  at  the  surface,  and  I  will  confess  that  I  am  unable  to  solve 
that  i3roblem,  although  there  is  some  reason,  in  my  oj)inion,  to  believe 
that  it  is  caused  by  the  resistance  of  the  banks  and  of  the  bottom  near 
the  banks.  We  find  that  iu  very  wide  and  shallow  streams  the  velocity 
approaches  very  near  the  surface,  Avhile  in  deep  streams,  with  steep 
banks,  the  thread  of  greatest  velocit}'  is  carried  lower  down.  As  in- 
stances of  this  there  are  the  experiments  of  Mr.  Kevy,  on  a  section  five 
miles  wide  with  a  depth  of  forty  or  fifty  feet,  in  "which  he  observes  the 
current  and  finds  the  greatest  velocity  at  the  surface  ;  aud  in  the  experi- 
ments of  Darcy  and  Bazin,  as  published  in  their  work,  w-e  find  that  in 
rectangular  channels  w^e  have  the  greatest  velocity  nearly  in  the  middle 
of  the  section  ;  the  i-etardation  at  the  middle  of  the  surface  seems  to  be 
communicated  iu  some  way  from  the  sides,  the  water  near  the  sides 
l)eing  so  much  slower,  -would  seem,  being  near  the  surface,  to  hold  it 
back  near  the  middle.  It  seems  to  me  that  this  offers  the  only  islausible 
solution  of  the  prol  )lem.  It  is  found  that  iu  very  wide  rivers  we  havi^ 
the  greatest  velocity  neai-  the  surface,  and  in  rivers  with  contracted  and 
steep,  per{)endicular  banks,  the  thread  of  greatest  velocity  is  carried 
doAvn  almost  to  the  middle.     That  fact  would  seem  to  verify  this  theory^ 

There  is  another  peculiarity  about  the  curve  of  vertical  velocities  to 
which  my  attention  was  first  called  by  Gen.  Warren  of  the  U.  S.  En- 
gineer Cor^js.  The  resulting  curve  from  a  large  number  of  exijeriments 
always  has  a  dejores.sion  just  below  the  middle,  almost  making  it  a 
straight  line.  It  is  fiatteued  so  as  to  make  the  general  curve  to  near  the 
l)ottom  a  parabola.  In  trying  experiments  nearer  the  bottom  than  were 
tried  on  the  Mississippi,  we  find  that  the  curve  recedes  very  rapidly. 
There  is  a  flat  place  left  between  the  bottom  and  middle.  This  is  a  fea- 
ture of  all  the  vertical  curves  that  I  have  observed,  and  it  is  quite 
mai'ked  in    some  of  tliem.     fdo  that  it  seems  that  there  are  reallv  two 
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systems  of  forces  acting,  one  to  prodnce   the  ciirve  at  the  bottom  and 
another  to  jorodnee  the  curve  at  the  top. 

In  reference  to  the  flow  of  water  in  channels,  it  will  require  a  great 
deal  more  observation  than  has  yet  been  given  to  it  to  find  laws  that  will 
govern  any  number  of  streams.  Formulae,  that  are  applicable  to  the 
Mississippi  and  large  rivers  do  not  appear  to  be  applicable  to  small 
rivers,  and  formulfe  that  are  applicable  to  small  streams  are  not  ap- 
plicable to  large  ones. 

Charles  E.  Emery. — While  listening  to  the  paper  of  Mr.  Francis  and 
the  remarks  of  Gen.  Ellis,  on  this  subject,  it  has  occul-red  to  me  thatthe^ 
phenomena  can  be  explained  by  considering  that  the  combined  vertical 
and  progressive  movements  of  the  water  resemble,  on  a  large  scale,  the 
eddy  resistance  caused  by  the  passage  of  fluid  along  surfaces  in  general. 
It  has  been  'demonstrated  that  each  particle  of  water  in  a  wave  moves  in 
a  circle,  and  that  the  several  i^articles  following  each  other  in  order 
cause  the  successive  crests  and  hollows  together  with  an  appearance  of 
progression  which  does  not  actually  exist.  In  eddy  resistance,  however, 
the  particles  move  in  a  circle  which  has  a  progressive  movement,  so  that 
the  i^ath  of  each  particle  in  space  is  in  a  cycloid  or  a  modification  of  the 
same. 

To  ajjply  this  principle  to  the  motion  of  water  in  open  channels,  we 
have  but  to  consider  that  the  particles  of  water  are  continually  receiving 
impulses  upward  (or  normal  to  the  bed  of  the  stream)  by  deflection  of 
the  current  from  projections  on  the  bottom  or  the  fluid  retarded  thereby. 
The  upward  motion  combines  with  the  progressive  movement  of  the 
current,  but  the  particles  continue  to  rise  until  stopped  by  forces  oppo- 
site and  equal  to  the  original  ones.  Such  opposite  or  downward  forces 
result  from  the  necessity  of  continually  re-supplying  the  water  projected 
upward.  The  path  moved  through  by  each  particle  should,  tlierefore, 
resemble  in  its  general  features  a  cycloid, — at  least  so  far  as  repetition  of 
the  curve  is  concerned, — though,  perhaps  each  branch  may  be  modified 
or  distorted  so,  for  instance,  as  to  resemble  the  path  of  a  projecticle. 
The  distances  above  the  liottom  reached  by  the  difi"erent  i^articles  Avould 
vary  with  the  intensity  of  the  deflecting  forces,  so  that  motion  should 
result  in  a  number  of  somewhat  similar  curves  of  different  amplitude 
with  their  ascending  and  descending  portions  contintiously  crossing 
each  other. 
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Bepresentiug  tlie  approximate  paths  of  a  few  particles  by  the 
cycloidal  curves  A  B  C  D,  the  ordinates  will  correspond  to  the  variations 
in  velocity.  The  reduced  velocity  of  the  stirface  may  be  accounted  for 
by  the  fact  that  the  upward  impulse  of  some  particles  will  be  sufficient  to 
carry  the  corresjjonding  curve  above  the  surface  0,  G,  of  the  stream, 
when,  necessarily,  such  particles  spread  out  on  the  surface  before  at- 
taining the  maximum  velocity  at  x.  At  some  jDoint  beloAv  the  surface, 
31  ion  instance,  the  curves  are  uninterrupted,  and  the  maximum  velocity 
of  the  section  is  obtained.  Representing  the  velocity  at  different  heights 
by  the  ordinates  of  a  curve,  /  H,  measured  from  a  vertical  G  H,  it  should 
be  expected,  from  the  above  considerations,  that  the  maximum 
would  show  below  the  surface  at  about  J,  as  has  been  found  practically 
and  stated  by  the  previous  speakers.  It  is  evident,  also,  that  as  the  bed 
of  the  stream  is  deepened  and  ajsproximates  more  nearly  a  semi-cylinder, 
the  several  curves  normal  to  the  surface  of  the  bed  should  unite  to  raise 
the  maximum  velocity  nearer  to  the  surface,  as  has  been  stated  by  Gen. 
EUis. 

Clemens  Heeschel.  —  This  touches  upon  a  subject  that  forms  a  famil- 
iar theme  of  stiidy  with  me,  and  has  formed  one  for  many  years.  And 
perhajDS  it  will  be  well  if  I  take  the  occasion  to  make  what  I  shall  call 
an  appeal  to  the  engineers  i^resent  that  they  give  us  some  better  data 
upon  this  subject  than  we  have  yet  been  able  to  obtain.  I  should  like 
to  have  this  element  introduced  into  this  investigation — the  element  of 
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simultaneous  observations.  When  we  speak  of  a  velocity  curve — a  curve 
of  any  shape  you  please — the  one  drawn  on  the  black  board  or  any  other, 
and  of  any  point  on  that  curve — plotted  as  any  intelligent  engineer  would 
plot  a  curve,  the  method  which  was  followed  to  get  that  point  or  curve  was 
this  :  the  engineer  put  an  instrument  (of  whatever  sort  you  please),  at 
that  point  to-day,  at  such  an  hour  and  minute,  and  he  put  it  there  ten 
minutes  afterwards,  and  perhaps  half  an  hour  afterwards,  and  perhaj  s  a 
week  afterwards,  and,  from  a  great  many  times  doing  this,  he  says  that 
in  that  cross  section,  and  for  that  point,  the  average  is  there  ;  and  then, 
during  a  different  series  of  times  the  same  thing  is  done  in  another  place 
and  the  resiilt  given  is  that  the  average  is  thaf.  Now,  I  have  been  so 
fortunate  as  to  have  done  a  good  deal  of  work  in  an  establishment  that 
we  shall  visit  1)y  and  by,  where  this  principle  of  simultaneous  observaiiou 
has  been  carried  on  for  a  great  manj'  years,  and  has  produced  results  of 
great  value  in  hydraulic  engineering.  And  it  seems  to  me  that  if  this 
same  principle  of  siniultaneous  observation  be  applied  here,  it  will  pro- 
duce equally  novel  and  valualile  results.  I  hope  some  engineer,  who  is 
so  situated  that  he  can  do  it,  will  carry  oiit  the  suggestion.  I  want  him 
to  use  a  vertical  wire  or  rod,  or  something  of  that  sort,  jiut  down  in  the 
river,  and  I  want  half  a  dozen  or  more  current  meters  put  on  that  wire 
and  connected  with  registers  at  the  siirface,  by  the  use  of  electricity,  so 
that  the  record  of  them  all  can  be  read  simultaneously,  and  I  Avant  th:it 
record  kept  so  that  we  can  avail  ourselves  of  it  during  the  continuance 
of  any  reasonable  length  of  time.  I  want  these  meters  strung  along  at 
different  depths  and  also  at  different  j^laces  transversely,  and  I  think 
that  with  a  series  of  siich  observations  we  shall  very  soon  arrive  at  that 
state  of  knowledge  which  we  all  are  so  much  wishing  for,  and  upon 
which  alone  safe  theories  could  be  founded. 

De  Volson  Wood.- -The  remarks  made  by  Mr.  Francis  in  regard 
to  the  intermingling  of  the  threads  of  water — perhaps  I  might  say  the 
particles  of  water — I  think  will  commend  themselves  with  some  force 
to  all  of  us.  I  will  not  presume  to  give  a  satisfactory  reason  for  tlie 
thread  of  maximum  velocity  being  at  any  x^articular  point  below  the 
surface.  But  I  will  venture  to  make  a  siiggestion  ;  I  would  not  pre- 
sume to  make  any  statement  in  regard  to  it  which  would  be  construed 
into  a  theory,  because  so  many  others  have  thought  upon  the  same  sub- 
ject before.     It  is  said  that  particles  from  the  bed  of  a  stream  work  their 
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■way  lip,  so  to  speak,  to  the  surface,  and  it  is  evident  that  if  that  takes 
place  the  particles  at  the  surface  find  their  way  down  to  the  bed.  Now, 
we  know  that  when  a  particle  is  acted  upon  by  gravity,  and  is  free  to 
move,  the  acceleration  of  the  velocity  increases  as  the  particle  descends, 
and  it  seems  to  me  that  there  may  be  some  force  in  the  presentation  of 
it  in  this  case.  Admit  that  the  particles  ascend.  They  begin  with  a 
very  slow  velocity,  and  are  constantly  coming  in  contact  with  those 
which  have  a  greater  velocity,  and  these  act  upon  each  other,  the 
slower  retarding  the  faster,  and  the  faster  urging  on  the  slower  ;  and 
this  conflict  goes  on  until  a  condition  of  equipoise  is  reached.  If  tliat 
be  the  only  operation,  we  must  necessarily  conclude,  I  think,  that  the 
maximum  velocity  would  be  at  the  surface.  But  those  particles  which  have 
now  reached  the  surface,  must  find  their  way  back  to  the  bottom  again, 
and  when  they  descend  they  will  be  retarded  by  passing  the  particles  be- 
low, but  accelerated  by  gravity,  and  from  these  causes  may  gain  a  point  of 
maximum  velocity  somewhat  below  the  surface.  I  do  not  see  any  par- 
ticular force  in  the  siiggestion  that  these  particles  may  move  in  cycloidal 
arcs,  for  I  think  it  is  extremely  doubtful  if  they  do.  The  subject  of  vor- 
tex motion  has  been  raised  in  the  question,  and  perhaps  many  of  my 
hearers  know  quite  as  well  as  I,  or  even  better,  that  Professor  Keynolds, 
of  Manchester,  England,  made  some  exjoeriments  some  two  years  since, 
in  regard  to  vortex  motion  of  water  in  a  trough,  by  introdvicing  some 
colored  matter  into  the  water,  by  means  of  which  he  could  see  the  pecu- 
liar motions  which  took  i^lace.  A  rajaid  circular  motion  of  small  portions 
of  the  liquid  was  produced,  which ^aassed  rapidly  the  length  of  the  trough 
without  apparently  disturbing  the  surrounding  water.  This  motion  is 
sometimes  seen  in  the  whirling  motion  of  the  ring  of  smoke  as  it  ascends 
from  a  pipe  or  cigar,  and  passes  through  the  air  without  involving  that 
which  lies  about  it.  "We  also  see  that  the  small  whirlpools  in  streams 
move  rapidly  through  the  water  without  disturbing  the  surrounding 
Avater.  Now,  when  we  recognize  the  fact  that  these  complex  motions  do 
exist  in  flowing  streams,  I  think  it  is  not  strange  that  a  formula  deduced 
from  the  flowage  of  one  stream  will  not  apply  to  others. 

This  brings  to  mind  a  remark  that  I  have  often  made  in  regard  to 
hydraulic  engineers.  There  appears  to  be  a  peculiar  satisfaction  with 
them  in  discarding  all  that  has  been  done  before,  and  find  fault  with  all 
their  predecessors,  and  especially  with  those  who  have  written  on  the 
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subject.  The  latest  theorist  believes  that  he  has  passed  over  and  beyond 
the  errors  of  those  who  preceded  him.  At  least  it  appears  as  though  the 
siibject  had  not  been,  and  perhaps  cannot  be,  reduced  to  that  exact 
scientific  certainty  which  will  prevent  other  investigators  from  modi- 
fying existing  formulae.  The  varied  circnmstances  under  which  we 
see  bodies  of  flowing  water — in  deep  streams,  narrow  streams,  large 
streams,  and  streams  of  all  degl-ees  of  velocity — makes  it  quite  evi- 
dent that  we  cannot  expect  to  arrive  at  a  certain  mathematical  law.  It  is 
one  of  those  subjects  which  seem  to  be  beyond  the  grasp  of  jiure  analysis, 
and,  consequently,  is  necessarily  left  to  the  hands  of  the  experimenter. 
Everything  which  promotes  accuracy  of  observation  tends  towards  a 
more  correct  solution  of  the  problem.  Hence,  Mr.  Herschel's  remark  in 
regard  to  simultaneous  observations  was  a  very  valuable  one,  and  ought 
to  be  carried  out.  I  suppose  we  can  hardly  doubt  that  the  curve  of 
velocity  noted  by  Gen.  Ellis  and  Mr.  Francis  is  sufficiently  accurate  to 
establish  the  fact  that  the  maximum  velocity  is  generally  greater  at  a 
l^oint  somewhat  below  the  surface  than  at  the  surface.  It  is  a  matter 
that  we  would  like  to  explain  on  theoretical  grounds.  But  let  us  have 
the  facts  first,  then  the  theory. 

Ohakles  E.  Emeky. — The  remarks  of  the  last  speaker,  that  "the 
..'ater  may  move  in  cycloidal  curves,  but  that  it  is  doubtfiil  if  it  does," 
are  hardly  Avarranted  in  view  of  investigations  that  have  already  been 
made  on  the  general  subject.  I  call  to  mind,  particularly,  that  the  skin 
resistance  of  vessels  has  been  satisfactorily  explained  on  the  hypothesis 
that  the  water  rolls  in  circles  on  the  surface  as  the  vessel  progresses,  so, 
evidently,  the  motion  of  each  particle  is  in  a  cycloid.  The  conditions  in 
the  case  under  consideration  are  entirely  similar.  It  only  requires  that 
the\deflectiug  forces  be  sufficient  to  cause  the  particles  in  due  time  to 
reach  the  surface,  when,  as  has  been  shown,  the  various  interesting 
phenomena  described  by  former  speakers  are  readily  accounted  for. 

J.  T.  Fanning. — I  had  not  expected  to  say  anything  uj^on  this  topic* 
It  is  one  very  closely  connected  with  what  Mr.  Francis  and  others  have 
been  discussing.  As  Mr.  Darrach  has  presented  the  subject,  it  relates 
to  the  flow  of  water  under  pressure,  while,  as  presented  by  Mr.  Francis, 
it  relates  to  the  flow  of  water  Avitli  a  free  surface,  as  in  a  stream  or  canal, 
and  to  the  resulting  currents. 

*  Beferring  to  Paper  CLXI,  Vol.  Vn  (May,  1878). 
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If  we  consider  the  motion  in  this  channel,  sketched  here  ni^on  the 
black  board,  which  has,  say  sixteen  feet  depth,  as  that  of  a  body  of 
molecules  of  water,  and  think  of  the  depth  as  in  molecules,  a  thonsaud 
or  more  millions  of  molecules  in  depth,  all  of  which  move  individually, 
and  move  past  and  between  each  other  with  very  little  friction,  then, 
perhaps,  we  can  more  clearly  understand  the  movement  of  the  water  cur- 
rents or  molecule  groups. 

Now,  for  instance,  we  will  suppose  that  the  minute  individual  parti- 
cles of  water  in  this  channel  are  moving  forward  with  a  velocity  rela- 
tively due  to  the  sine  of  the  -angle  of  inclination  of  the  water  surface ; 
thus,  if  there  is  one  foot  inclination  in  a  mile,  then  there  is  a  velocity 
which  all  these  particles  tend  to  take'which  is  due  to  that  inclination. 

As  these  particlds  move  forward  they  encounter  obstriictions,  like,  for 
example,  this  piece  of  rock  sketched  on  the  bed  of  the  stream,  then  these 
13articles  that  come  in  contact  (and  the  group  immediately  surrounding 
them)  are  deflected.  A  different  direction  is  given  to  them  from  that 
which  they  tended  to  take  floAving  under  the  influence  of  gravity,  and  the 
deflected  grouii  of  particles  i^asses  through  and  between  the  particles 
moving  in  the  first  direction.  Consequently,  having  taken  a  new  direc-- 
tion,  and  having  their  progress  checked  by  reaction  from  the  obstruction, 
their  omoard  progress  is  less  than  that  of  the  main  body  of  water,  and 
the  mean  velocity  of  the  whple  body  is  reduced.  Also,  if  the  deflected 
group  of  particles  jjasses  up  through  the  main  body  and  reaches  the  sur- 
face, it  is  there  unable  to  continue  in  the  new  direction,  and  is  again  de- 
flected in  part  with  a  spreading  movement  towards  the  sides  of  the 
channel,  with  a  further  loss  of  onward  velocity. 

Considering  the  motion  of  the  particles  in  this  manner,  we  can  readily 
understand  how  the  current  changes  its  velocity  in  certain  parts,  at  the 
bottom,  at  the  sides,  and  at  the  surface,  as  is  demonstrated  by  experi- 
ment. 

Those  groups  of  particles  near  the  bottom  and  sides  of  the  channel 
are  deflected  frequently.  Even  though  the  channel  is  smoothly  paved 
with  brick,  a  portion  of  the  moving  particles  meets  obstructions  at  the 
edges  of  the  paving,  and  are  deflected  upward  from  the  bottom  and  in- 
ward from  the  sides,  and  thus  lose  their  onward  velocity  that  they  tend 
to  take  from  gravity  in  the  general  direction. 

Now,  in  the  cases  of  water  flowing  in  pi^jes,  there  are  projections  on 
the  sides  of  the  pipes  that  influence  and  retard  the  onward  motion  of  the 
particles. 
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We  cannot  so  readily  observe  tlie  influences  of  obstructions  in  pipes 
as  in  channels,  bvit  Mr.  Darracli  has  given  us  some  very  valuable  facts 
relating  to  them,  in  his  eohimns  of  co-efficients,  which  are  the  measures 
of  the  influences  of  those  obstructions. 

If  there  are  in  the  pipes  any  incrustations,  or  if  the  pipe  castings  are 
not  smooth  "(and,  in  the  ordinary  cases,  they  are  very  far  from  being- 
smooth — with  the  microscope  they  appear  very  rough)  thousands  and 
tens  of  thousands  of  these  molecules  or  particles  of  water  strike  the 
little  projectiles  that  are  scarcely  visible  to  the  naked  eye,  and  lose,  by  a 
serious  of  reactions  and  deflections,  a  portion  of  the  velocity  that  they 
tended  to  take  from  the  inclination  of  the  pipe  or  from  the  equivalent 
head  pressure  of  water.  Since  the  co-efficients  in  the  formula  for  flow 
presented  are  variable  for  different  conditions  of  velocity  and  diameter 
and  smoothness  of  pipes,  and  since  they  can  be  determined  only  by 
Ijractical  exjjeriment,  the  series  given  to  us  by  Mr.  Darrach  will  jjrove 
exceedingly  valuable  to  those  who  have  to  place  pipe  systems  on  a  large 
scale. 
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It  is  nearly  three  years  since  the  constrnctiou  of  the  jetties  was  com- 
menced. 

Two  years  ago,  at  the  annual  convention,  we  gave  yon  in  a  very  frag- 
mentary manner,  an  accoimt  of  the  work,  and  of  some  of  the  results 
obtained  at  that  time. 

We  jn'opose  now  to  deal  somewhat  more  generally  with  the  subject, 
and  to  supplement  the  descriptive  statements  with  some  memoranda  in- 
cident to  the  work. 

It  will  be  remembered,  in  the  disciission  of  the  subject,  that  the 
jetties  are  still  incomplete  ;  that  the  resiilts  aimed  at  are  not  yet  fully 
realized,  and  that  many  of  the  phenomena  are  the  results  of  progi*essive 
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works,  and  are  incidents  simply  of  the  process  of  channel  making,  at 
which  the  river  has  been  set  at  work. 

The  subject  is  one  which  for  importance  and  multiplicity  of  interest- 
ing details  is  worthy  of  a  volume.  In  fact,  nothing  but  a  full,  continuous 
history  of  the  work,  dealing  with  details  as  well  as  with  general  descrip- 
tions and  res%ilts,  can  give  one  a  clear  idea  of  the  magnitude  of  th'e  work 
done,  and  of  the  extraordinarv  results  accomplished  in  so  short  a  time. 

Three  years  ago,  a  vessel  drawing  seven  feet  had  great  difficulty  in 
passing  over  this  long  flat  bar  of  miid  and  sand.  Now,  for  uniformity, 
width,  depth  and  navig'ability,  the  channel  is  nearly  as  good  as  the  Sandy 
Hook  entrance  to  New  York  harbor. 

Imijortant  in  every  point  of  view,  and,  as  well  known  as  tlie  suljject 
is,  we  ajiproach  it  with  no  reluctance  or  hesitation,  and  boldly  give  all 
the  actual  facts  relating  to  subjects  about  which  there  has  been  such  a 
diversity  of  oj^inion  among  engineers,  and  in  reference  to  which  so  many 
predictions  of  failure  have  been  made. 

We  propose  for  arguments  to  give  facts  and  results  obtained  by  ob- 
servations and  surveys  in  which  we  have  perfect  confidence,  and  to  take 
from  (mv  map  case  and  note  l)ooks  whatever  may  relate  to  the  subjects, 
and  to  draw  from  the  facts  of  others  when  we  have  not  had  the  oppor- 
tunity- to  obtain  them  by  personal  observation. 

First. — The  General  Regimen  of  the  River  and  Passes. 

The  relation  existing  between  the  three  passes  is  so  intimate,  that  it 
will  be  necessary  to  consider  them  all,  and  the  river  itself,  in  order  to 
understand  all  the  forces  at  work,  and  to  know  how  best  to  meet  and  to 
use  these  forces. 

One  mile  above  the  head  of  the  passes  the  Mississijipi  River  is  8  000 
ieet  wide,  the  approximate  depth  is  30  feet,  the  sectional  area  240  000 
square  feet,  and  the  discharge  at  the  flood  stage  of  the  river  is  about 
1  000  000  cubic  feet  per  second.  The  slojie  of  the  flood  surface  of  the 
river  between  the  head  of  the  passes  and  quarantine  station,  a  distance 
of  37  miles,  is  about  |  of  an  inch  per  mile,  the  sloj^e  of  Southwest  Pass 
and  Pass  al'Outre  is  about  1  inch  per  mile,  and  that  of  South  Pass  about 
1^  inches  per  mile. 

The  banks  are  low  and  marshy,  and  are  overflowed  by  the  ordinary 
flood  tide  at  high  river . 

The  bed  of  the  river,  as  well  as  of  the  passes,  is  alluvium,  easilj' 
abraded  and  carried  away  by  slight  increase  of  current. 
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The  regimen  of  the  passes,  as  to  sectional  area  and  vohime  of  dis- 
charge, is  variable,  and  dependent  upon  several  causes,  viz. :  the  different 
rate  of  extension'of  the  passes  into  the  Gnlf  ;  the  state  of  the  tide  ;  the 
prevalence ]of  winds  from  certain  directions  ;  the  growth  and  siibsequent 
disappearance  of  mud  lumiis  at  the  months  of  the  passes,  and  local  ob- 
structions in  the  passes  or  in  the  main  river  immediately  above. 

On  account  of  the  soft  nature  of  the  alluvial  lied  over  which  the 
water  flows,  the  equilibrium  between  sectional  area,  slope,  velocity 
and  volume  is  very  easily  disturbed,  so  that  slight  and  almost  inap- 
preciable causes  often  produce  important  results.  For  instance,  about 
four^years  ago  the  government  dredge  was  moved  from  Southwest  Pass 
bai'^^to  the  bar  at  Pass  a  1' Outre.  •  The  immediate  result  was  the  shoaling 
upto  its  normal  depth  of  the  Southwest  Pass  bar,  and  the  deepening  on 
the  other  through  a  narrow  channel  from  12  to  18  feet.  The  more 
important  result  was  the  deepening  and  enlargement  of  the  whole  section 
of  Pass  a  rOutre,  from  the  bar  to  the  head  of  the  passes. 

Humphreys  and  Abbot  give  the  following  as  the  proportional  dis- 
charge of  each  pass  : 
^  Southwest  Pass,  43  jier  cent. 

Pass  a  rOutre  or  Northeast  Pass,  4(3  per  cent. 

South  Pass,  8  per  cent. 

In  1875  Maj.  Howell  found  the  following  : 

Southwest  Pass,.  39  per  cent. 

Pass  a  rOutre,  51  per  cent. 

South  Pass,  10  per  cent. 

Water  is  not  the  only  element  that  flows  to  the  sea  through  the  Lower 
Mississii^ju  and  the  passes.  About  one  thousandth  of  the  volume  is 
.sedimentary  matter  held  in  suspension  by  the  current. 

The  presence  of  this  element,  and  that,  too,  such  a  variable  element,  is 
the  cause  of  many  phenomena  which  considerably  compUcate  the  problem 
of  the  improvement  of  the  pass  and  bar. 

The  conditions  affecting  the  ratio  and  kind  of  sediment  are  various. 

Each  tributary  discharges  a  different  kind,  and  has  a  different  ratio 
and  weight.  The  ratio  of  sand  to  the  whole  quantity  of  sediment  in 
suspension  is  the  most  important  element,  for  on  accoiint  of  its  weight 
it  needs  a  strong  current  to  carry  it  out  to  sea. 

Then  again,  the  size  of  the  particles  of  sand  affects  the  carrying 
l)ower  of  the  current. 
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All  the  facts  that  it  is  possible  to  obtain  are  being  carefully  collated 
from  patient  andthorongh  observation,  by  Capt.  M.  R.  Brown,  the  U.  S. 
inspecting  officer  stationed  at  the  Jetties. 

The  following  is  the  resnlt  of  one  full  year's  observations  to  ascertain 
the  amonnt  of  sediment  carried  to  sea  through  Sonth  Pass  :  Total 
amount,  27,555,900  cubic  yards,  and  as  South  Pass  is  about  one-tenth  of 
the  river,  we  can  assume  that  the  whole  amount  carried  annually  to  the 
gulf,  after  passing  Cubits  Gap,  is  275,559,000  cubic  yards. 

Second. — The  Condition   of  the  South  Pass  and  Bar  in  1875. 

At  the  head  of  the  passes  a  great  middle  ground  shoal,  extended 
from  Southwest  Pass  to  Pass  a  I'Outre,  completely  across  the  entrance 
to  South  Pass. 

Over  this  shoal  not  more  than  15  feet  of  water  could  be  carried  into- 
the  pass. 

An  island,  with  a  secondary  shoal  above  it,  divided  the  waters  flowing 
into  the  pass  into  two  channels.  Below  this  island  the  channel  is 
uniform  in  depth  and  width,  the  latter  being  about  700  feet,  and  the 
former  40  feet,  with  an  approximate  sectional  area  of  23,000  square  feet. 
The  pass  presents  the  appearance  of  a  beautiful  ship  canal,  with  smooth 
banks,  and  deep  water  quite  close  to  them,  with  no  snags  or  bars  to  ob- 
struct navigation. 

Five  miles  below  the  head  of  the  passes  about  27  per  cent,  of  the 
volume  was  discharged  through  Grand  Bayou,  which  had  a  width  of  300 
feet,  and  a  maximum  depth  of  30  feet. 

Below  Grand  Bayou  the  channel  is  still  uniform  and  regular,  nearly 
700  feet  wide,  but  with  only  35  feet  depth,  and  an  approximate  section  of 
17  000  square  feet. 

The  uniformity  is  preserved  until  the  land's  end  is  reached,  at  the 
mouth  of  the  Pass,  when  the  bank  on  the  east  side  disappears  from 
sight,  and  a  reef,  on  Avhicli  there  is  but  about  3  feet  of  water,  takes  its 
place.  A  part  of  the  volume  of  the  Pass  flows  off  to  the  eastward  over 
this  submerged  bank.  The  western  bank  also  commences  to  recede  from 
land's  end  ;  the  channel  begins  to  shoal  up,  and  more  water  escapes  later- 
ally as  we  go  seaward. 

About  one  mile  and  three-cpiarters  from  land's  end,  or  "East 
Point,"  as  denoted  on  the  chart,  the  bar  proper  is  reached,  and  extends 
for  about  3  000  feet  nearly  level. 
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On  this  plateau  there  was  al)out  9  feet  of  water,  as  a  maximum  depth, 
at  average  flood  tide,  or  about  7^   feet  at  mean  low  Avater.     The  slojje 
seaward  commences  at  the  outer  hmit  of  this  plateau,  and  has  a  descent- 
of  about  1  foot  in  60  feet. 

The  question  as  to  what  was  the  rate  of  l)ar,  advanced  before  the 
jetties  Avere  commenced,  cannot  be  definitely  answered. 

The  authorities  give  100  feet  per  annum,  and  it  is  probably  not  far 
from  correct. 

Ihird. — The  Geneeal  Principles  on  which  the  Construction  of  the 
Jetties  was  Based. 

The  formation  and  maintenance,  for  an  indefinite  time,  of  a  deep  and 
uniform  channel  through  South  Pass,  gave  a  sufficient  reason  for  follow- 
ing the  example  set  by  nature,  and  taught  us  that  the  artificial  confine- 
ment of  the  river  current  would,  in  a  short  time,  produce  the  same 
results  seaward  of  "East  Point  "  that  had  been  accomplished  at  any 
jjoint  between  East  Point  and  the  head  of  the  Pass,  and  that  the  two 
and  a  half  milles  immediately  above  land's  end  is  no  deeper  or  more 
regular  in  section  than  the  two  and  a  half  miles  from  land's  end  to  the 
outermost  limit  of  the  bar  would  be,  if  the  same  plan  of  bank  formation 
was  adoi^ted  in  artificial  construction  that  the  river  had  used  in  the  jiast 
centuries. 

Again,  as  the  crest  of  the  bar  was  2^  miles  from  deep  water  in 
the  Pass,  it  was  reasonable  to  assume  that,  if  the  banks  were  suddenly 
extended  to  the  crest  of  the  bar,  the  new  bar,  when  formed,  would  be 
found  2i  miles  from  the  present  crest,  for  the  same  causes  would  pro- 
duce the  same  effect. 

Further,  it  was  believed,  that  the  time  required  by  the  Pass  to  build 
2i^  miles  of  banks  in  its  natural  condition,  would  be  considerably  length- 
■ened  under  the  new  circumstances,  and  that,  instead  of  125  years,  a 
greater  time  would  elapse,  for  these  reasons  :  First,  we  believe  that  the 
Gulf  shore  current  of  salt  water,  caused  mainly  by  the  northeast  and 
east  winds,  and  flowing  generally  westward  along  the  face  of  the  bar, 
would  be  accelerated  by  the  building  of  the  jetties  out  into  it,  and  at 
right  angles  to  it,  and  would  carry  far  to  the  northward  or  eastward  of 
the  jetties  the  sedimentary  matter  thrown  out  by  the  fresh  water  cur- 
rents. Also,  second,  that  a  strong  and  deep  volume  of  fresh  w^ater,  in 
place  of  the  sluggish  and  shallow  volume  formerly  flowing  out,  would 
liave  siifiicient  carrying  and  suspending  power  to  throw  the  sediment 
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well  out  into  the  Giilf  before  being  chec-kecl  sufficiently  to  drop  its  load. 
Alffeo,  third,  that  this  strong  current,  30  feet  deejo,  would  itself  jjerform. 
the  work  of  a  dyke  and  eomi^el  the  salt  water  current  to  go  under  it,  and 
tluis  to  erode  the  Gulf  l)ottom  over  the  whole  area  covered  by  the  dis- 
charge from  the  jetties. 

These  results  were  more  j^articularly  looked  for  after  the  works  were 
completed  and  the  maximum  channel  fully  formed  ;  but  diiring  the  pro- 
gress of  the  work,  and  Avhile  the  formative  period  of  the  channel  con- 
tinued, and  while  several  million  cubic  j^ards  of  sediment  scoured  out  of 
Pass  and  bar  would  be  thrown  out  of  the  jetty  mouth,  in  addition  to  the 
vast  amount  of  sedimentary  matter  with  which  the  river  is  charged 
we  exjiected  alternate  scour  and  dej^osit  both_  within  the  jetties;  and 
beyond  them.  We  looked  for  marked  and  ugly  irregularities  that  miglit 
give  us  trouble  to  control,  guide  and  shape  to  uniformity. 

The  character  of  the  material  through  Avhich  the  channel  was  to  be 
made  was  very  variable  ;  first  clay,  then  sand,  then  a  combination  of  the 
two,  and  through  it  the  struggling  curreiit  seemed  to  seek  for  a  subte- 
ranean  relief  from  its  confinement. 

Fourtli. — ^The  Detailed  PtjANS  of  the  Wokk. 

In  the  location  of  the  jetties  several  objects  were  aimed  at. 
First,  to  give  them  a  direction  parallel  with  the  outflowing  current, 
and  at  right  angles  to  the  shore  citrrents  along  the  face  of  the  bar. 
Second,  to  give  as  wide  an  entrance  for  vessels  as  it  was  possible  to 
obtain.  Third,  to  remove  the  jetties  themselves  far  enough  from  the 
channel  to  ensure  their  safety.  The  maximum  channel  to  be  obtained, 
according  to  the  Act  of  Congress,  is  a  depth  of  30  feet  and  a  width  o 
350  feet  at  that  depth.  The  dimensions  are  remarkable,  considering  the 
section  of  the  Pass  itself,  which  generally  has  a  much  smaller  section. 
It  is  still  doubtful  wdiether  such  a  section,  when  obtained,  can  be  main- 
tained without  danger  to  the  jetties. 

The  location  and  alignment  of  the  jetties  can  be  seen  best  liy  an 
inspection  of  Chart  No.  XIV.  The  width  between  the  guide  piles  on 
the  side  of  the  jetties  is  1  000  feet.  The  clear  Avidth,  between  the  jetties, 
is  930  feet.  The  lines  drawn  at  right  angles  to  the  jetty  lines  are  wing- 
dams,  provisional  works  intended  to  accomplish  three  olijects  :  first,  to 
compel  the  current  to  make  the  deejj  channel  midway  between  the  jetties  ; 
second,  to  induce  dejiosits  behind  them  and  against  the  jetties  ;  third,  ta 
hasten  the  erosion  of  the  bar. 
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In  order  to  hasten  tlie  contiiieiiient  of  the  current  and  give  an  oppor- 
tunity to  work  further  out  to  sea  with  the  mattress  work,  the  first  mile 
of  the  east  jettv  was  built  of  sheet  piling,  after  a  foundation  of  mat 
tresses  had  been  laid  in  advance. 

Tv.-o  rows  of  square  piles,  12"  bv  12,"  were  driven  12  feet  apart,  the 
piles  in  each  row  being  8  feet-  apart.  The  tops  of  these  piles  were 
sawed  off  to  the  same  height,  and  two  traveling  drivers  ran  on  them  an<l 
drove  the  sheet  piles  against  a  ^^'aling  timber,  6"  by  12",  which  was 
bolted  to  the  river  row  of  piles.  The  sheet  piles,  which  Avere  5"  by  12" 
at  the  large  end,  and  3"  l)y  12"  at  the  small  end,  were  driven  about  15 
feet  into  the  ground,  or  until  they  were  flush  with  the  top  of  the  waling 
timber,  which  was  about  level  with  "  average  flood  tide."  The  sheet 
piles  were  drift -bolted  to  the  waling  timber. 

Another  provisional  work  was  constructed  along  the  first  3  000  feet  of 
the  west  jetty.  This  consisted  of  plank  aj)rons  set  on  a  foundation  oi' 
mattres.ses,  and  held  to  the  guide  piles  of  the  jetty  by  sheet  piles  driven 
in  front  of  them. 

All  this  provisional  work  was  long  ago  supplemented  by  permanent 
mattress  work.  As  the  jetties  are  built  of  mattresses,  it  may  be  proper 
to  describe  them  here. 

A  mattress  is  built  of  Avillows. 

The  willow  found  in  'this  section  of  the  country  is  not  easily  made 
into  fascines  ;  it  is  too  stiff  and  crooked  and  branchy,  and  has  none  of  the 
pliability  of    the  osier  willow  used  on  dykes  in  Europe. 

Most  of  the  willows  used  on  this  work  Avere  obtained  from  an  exten- 
sive swamp  about  2.5  miles  above  Port  Eads. 

This  vast  -ndllow  swamp,  threaded  by  numerous  sloughs  and  bayous, 
Avas  formed  by  deposits  of  sediment  carried  through  a  crevasse  by  the 
river. 

This  crevasse  is  called  the  "  Jump,"  and  occurred  about  40  years  ago, 
and  at  that  time  there  was  a  bay  Avith  5  or  (3  feet  of  water  where  we  uoav 
proeiire  the  willows. 

There  are  probably  100  square  miles  of  ground  of  ■  a  someAvhat 
amphibious  charater.  We  have  already  harvested  from  it  about  100,000 
cords  of  Avillows,  and  so  raj^id  is  the  gi'owth  that  we  are  uoav  using 
material  cut  from  the  stumps  of  trees  ciit  off  in  the  early  part  f)f  the 
work. 

The  stern  wheel  steamboat  •'  Grafton  "  tows  the  empty  barges  to  the 
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jump,  takes  tliem  down  into  the  bayou  or  "  Passes,"  as  tliey  are  called, 
for  it  is  a  little  delta  all  by  itself,  leaves  the  barges  at  the  camp  of  the 
Avillow  contractor,  takes  away  the  loaded  barges,  and  tows  them  to  the 
jetties. 

Willows  have  also  been  cut  in  considerable  numbers  from  the  river 
bank,  as  high  np  as  the  month  of  the  Red  River. 

The  mattresses  are  built  on  inclined  timber  ways;  the  inclination  be- 
ing 1  in  10.  The  timbers  are  12"  by  12",  and  extend  back  from  the 
water's  edge  about  60  feet. 

At  one  end  they  are  a  few  inches  below  low  tide,  and  at  the  other 
about  5  feet  above  the  ground. 

The  timbers  are  i^arallel  with  each  other,  and  spaced  about  6  feet 
apart. 

To  avoid  friction,  a  ribbon  of '3"  by  3"  stuff  is  spiked  to  the  timbers, 
and  the  upper  side  planed  off  to  an  edge. 

The  timbers  and  ribbons  are  well  greased.  The  frame  work  of  the 
inattress  is  made  of  yellow  i)ine  strips,  2j"by6".  They  come  in  various 
lengths  from  20'  to  40'. 

The  mattresses  are  usually  100  feet  long,  and  the  strips  are  laid  to 
this  length  by  butting  the  ends  together  and  fastening  them  by  a  laj)  of 
the  same  kind  of  material,  spiked  to  the  stri])  by  5-inch  cut  si)ikes. 

These  strips  are  laid  at  right  angles  to  the  timbers,  and  5  feet  apart 
from  centre  to  centre  ;  holes  are  bored  with  If"  auger,  5  feet  aj^art,  and 
hickory  pins,  turned  to  fit  the  holes,  are  driven  into  them  and  secured 
on  the  under  side  of  the  strip  by  an  oak  wedge  and  20-penny  nails,  toe- 
nailing the  end  of  the  pin  to  the  strip. 

If  the  mattress  is  to  be  40  feet  wide,  there  are  9  of  these  strips,  and 
tliey  are  held  in  place  by  inch  boards,  tacked  to  them  temi)orarily. 

A  barge  of  wallows  is  placed  alongside  the  ways,  opposite  the  mattress 
frame,  and  workmen  standing  on  the  willows  pass  them  out  to  those  that 
stand  on  the  frame,  who  place  tlie  willows  at  right  angles  to  the  strii)s 
between  the  pins  to  a  depth  of  6  inches  ;  another  layer  of  the  same 
depth  is  placed  on  the  first,  and  at  right  angles  to  it,  and  in  the  same 
way  two  more  courses  are  laid,  all  at  right  angles  to  each  other.  Cross- 
binders  are  now  cut  the  width  of  the  mattress,  and  holes  having  been 
bored  in  them,  so  that  they  will  fit  the  distance  between  the  pins,  they 
are  driven  down  over  them  and  pressed  down  by  levers. 

Wedges  and  nails  are  then  driven  in  the  top  of  the  2)ins.     The  mat- 
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tress  is  now  ready  for  laiiueliing.  The  tug  comes  alongside,  moves  tlie 
barge  and  pulls  off  the  mattress  by  means  of  a  strong  bridle  line,  which 
lias  been  built  into  the  mattress. 

The  mattress  floats  about  four  inches  out  of  water.  The  tug  takes  it 
in  tow,  and  tows  it  to  its  place  at  the  guide  piling.  A  stone  flat  or  barge 
is  brought  down  and  placed  against  the  floating  mattress.  The  stone  is 
carried  out  and  spread  evenly  over  the  mattress,  until  it  sinks  to  its 
place.  Another  mattress  is  placed  on  the  first,  and  another  still,  until 
the  surface  of  the  water  is  reached,  when  the  last  mattress  is  pulled  on  at 
high  tide  by  a  steam  pile-driver  engine. 

The  last  course  of  willow  work  is  built  in  i^lace  on  the  Jetty,  by  put- 
ting pins  into  the  cross-binders  of  the  top  mattress,  and  then  filling  up 
A\-ith  willows  to  the  top  of  the  jjins,  when  cross-binders  are  put  on  as  in 
a  mattress.  The  whole  work  is  then  heavily  loaded  with  stone.  The 
foundation  mattress  is  generally  about  40  feet  A\dde,  and  the  last  mattress 
20  to.  25  feet.  It  has  not  been  found  necessary,  generally,  to  have  any 
slope  seaward,  as  the  deposit  back  of  the  Jetties  is  so  rapid  that  the  sea 
side  of  the  work  is  fully  protected. 

The  last  600  feet  or  700  feet  of  the  sea  ends  of  the  Jetties  needs  a  wide 
base  and  slope  seaward,  to  protect  it  from  the  violence  of  the  waves. 
This  work  is  lieing  done  as  fast  as  opi^ortunity  offers. 

Fifth. — Instrumental  and  Hydrogkaphic. 
This  sul)ject,  if  entered  into  in  detail,  would  require  many  pages  and 
be  of  much  interest  ;  but  the  space  allowed  will  not  permit  a  lengthy  de- 
scription of  the  methods  employed  by  Avhich,  each  month,  a  complete 
hydrographic  survey,  covering  an  area  of  nearly  13  000  000  square  feet, 
and  a  mean  depth  of  20  feet,  is  made  in  four  days,  and  plotted  in  another 
day.  Necessity  has  been  the  mother  of  invention,  and  taught  us  many 
expedients,  to  not  only  insure  accuracy,  but  speed,  in  surveying  and 
plotting. 

It  has  been  the  practice  for  two  years,  at  least,  to  make  a  survey  on 
the  first  of  each  month,  very  similar  to  the  one  shown  on  Chart  XIV. 
From  these  surveys  records  are  kept,  which  Avill  show  eventually  the 
whole  history  of  the  work.  For  a  complete  account  of  methods  employed 
to  make  these  extensive  surveys  in  so  short  a  time,  I  beg  leave  to  refer 
to  an  interesting  article  by  Mr.  Max.  E.  Schmidt,  Chief-Assistant  Engi- 
neer, which  recently  appeared  in  the  "  Engineering  News, "  May  30th, 
1S78. 
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In  this  connection,  we  refer  to  Oliart  XIV,  whicli  is  made  from  the 
latest  survey,  and.  on  which  are  drawn  a  few  curves  from  the  United 
States  Coast  Survey  Map  of  1875. 

The  plane  of  reference -is  "  Average  flood  tide,'.'  as  estal)lislied  by  the 
Secretary  of  War,  and  all  surveys  are  refei'red  to  this  jjlane. 
.  The  tides  are  diurnal,  and  have  an  average  range  of  al:)Out  li  inches, 
with  an  extreme  range  of  6  feet,  which  is  the  range  between  the  highest 
and  lowest  waters  ever  known  since  the  Jetties  were  commenced,  caused 
l)y  extraordinary  local  disturbances  of  winds  and  storms. 

The  principal  points  to  call  attention  to  on  the  chart  are,  First  : 
The  changes  that  have  occurred  between  the  Jetties,  showing  an  increase 
of  15  feet  in  dejith  at  the  j^resent  shoalest  point,  with  a  much  gi-eater  in- 
crease elsewhere.  Second:  The  shoaling  that  has  occurred  on  the  sea 
side  of  the  Jetties,  especially  at  the  West  Jetty,  where  at  some  jioints 
there  are  biit  2  feet  of  water,  where  originally,  there  were  16  feet.  Also, 
laterally  seaward  of  the  first  mile  of  the  East  Jetty,  for  where  formerly 
there  were  three  feet  of  water,  the  land  now  is  a  foot  above  the  average 
tide,  and  covered  with  a  thick  growth  of  grass  and  reeds.  Third:  The 
shoaling  against  the  Jetties  on  the  river  side,  protecting  them  from  the 
river  currents. 

Through  the  Jetties,  however,  though  they  are  fast  filling  ujj  among 
the  willows  and  rock  with  sediment,  there  is  still  a  considerable  leakage. 
It  is  safe  to  say  that  at  least  15  per  cent,  of  the  volume  that  passes  East 
Point  is  lost  through  the  Jetties  before  reaching  the  end  at  Station  118. 
The  Jetties  have  generally  been  raised  to  the  level  of  average  flood  tide, 
though  from  the  natural  subsidence  of  the  material  they  are  below  that 
level  at  many  points. 

The  pi'incipal  work  now  being  done  is  the  loading  of  the  Jetties  heavily 
with  rubble  stone,  especially  near  the  ends  of  the  Jetties,  where  they 
are  exj^osed  to  Avave  action. 

Experience  during  the  provisional  stage  of  the  works,  when,  as  yet 
only  the  core  of  the  work  has  been  built,  proves  to  us  conclusively,  that 
the  most  exposed  portions  of  the  Jetties,  when  completed  according  to 
the  plans  designed,  will  be  ami:)ly  strong  to  resist  any  wave  force  that 
may  come  against  them. 

Sixth. — The  Wing  Dam.s. 

They  have  been  referred  to  already,  but  they  have  played  so  impor- 
tant a  part  in  creating  the  channel  'that  they  sh'ould  be  described  fur- 
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ther.  They  are  temporary,  generally,  and  can  be  removed  whenever  the 
object  for  which  they  are  bixilt  is  attained. 

They  are  constructed  by  first  driving  a  row  of  guide  piles,  20  feet 
apart,  against  which  are  sunk  foundation  mattresses  about  30  feet  wide 
and  2  feet  thick.  These  foundation  mattresses  connect  at  one  end  with 
the  foundation  mattresses  of  the  Jetties,  and  at  the  other  extend  a  short 
distance  beyond  the  outer  end  of  the  inteiided  wing  dam.  Across  the 
river  end  of  this  foundation  is  sunk  an  apron  mattress,  al)out  70  feet  long 
and  30  feet  wide.  A  row  of  piles,  8  feet  apart,  are  driven  through  the 
foundation  mattress  about  12  feet  from  the  lower  edge.  A  waling  streak 
of  5"  by  9"  timl)er  is  bolted  to  them  about  2  feet  above  average  flood 
tide. 

The  wing  dam  mattresses  are  usually  about  75  feet  long,  two  to  each 
Aving  dam,  and  are  as  wide  as  necessary  to  extend  from  about  2  feet  above 
the  waling  timber  to  the  foundation  mattress.  They  are  generally  2 
feet  thick,  and  many  of  them  have  a  tight  board  bottom.  They  are 
raised  to  a  vertical  position  by  a  steam  inle  driver  and  pinned  close 
against  the  i^iles  by  dri\4ng  jDiles  aboiit  20  feet  apart  and  tieing  them  to 
the  main  row  of  piles. 

While  speaking  of  the  wing  dams  we  will  describe  and  discuss  certain 
phenomena  which  we  believe  t©  have  been  caused  by  these  wing  dams, 
and  in  the  examination  of  which  we  have  had  the  op^jortunity  of  invest- 
igating some  of  the  geological  questions  relating  to  the  bar. 

Accompanying  this  i^aper  are  several  plates,  which  will  serve  to  illus- 
trate the  lihenomena  alluded  to. 

On  plate  XV  are  drawn  portions  of  the  jetty  lines,  and  also  certain 
wing  dams  or  spur-dykes  built  oiit  from  the  shore  or  the  jetties  at  right 
angles  generally  to  the  current.  The  dotted  lines  drawn  under  the 
wing  dams  indicate  that  so  much  of  them  are  intact,  and  that  the  re-, 
mainder  of  the  wing  dam  was  either  never  finished  or  had  fallen  into 
decay. 

Wing  dams  I  and  II,  on  the  west  side,  are  really  the  efieetive  dykes,  for 
those  on  the  east  side  are  built  in  shoal  water  of  not  over  10  or  12  feet 
depth,  often  much  -less,  while  Nos.  I  and  II  are,  at  their  river  ends, 
in  25  feet  to  28  feet  of  water,  and  well  out  into  the  strong  current. 

Wing  dams  I  and  II  were  built  in  October,  1876,  and  the  others  shown 
on  the  sketch  were  built  previously.  As  soon  as  the  river  rose  in  the 
spring  of  1877  the  effect  of   wing  dams  I  and  II  was  veiy  marked.     A 
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Tery  rapid  euiTent  was  foiind  to  flow  past  them,  and  strong  eddies  under 
tliem.  The  whole  channel,  from  Station  40  ii]}  to  wing  dam  No.  I,  and 
•even  above  it,  commenced  to  improve  at  once. 

The  river  commenced  its  annual  rise  about  the  last  of  March,  and 
had  nearly  attained  the  flood  stage  pf  the  year  on  the  last  of  April.  The 
readings  on  the  Carrollton  gauge,  at  dates  affecting  this  subject,  were  as 
follows  :  AprU  30th,  10.60  ;  May  25th,  11.00  ;  June  6tli,  11.00  ;  July  5th, 
10.60;  August  1st,  7.10. 

Opposite  Station  50,  the  greatest  depth,  in  April,  was  33  feet.  On  the 
25tli  of  May  it  had  increased  to  75  feet,  and  an  enlargement  laterally 
had  taken  place.  On  the  5th  of  July,  the  basin  had  reached  its  maxi- 
mum depth  of  that  year  of  95  feet,  and  had  assumed  the  extraordinary 
l)roi)ortions  shown  on  Plate  XV.  Between  July  5tii  and  August  1st  a 
slight  dej^osit  had  taken  place  in  the  deepest  portions,  the  river  having 
declined  considerably  between  these  dates.  Special  attention  is  called 
to  Plate  XVI,  on  which  are  drawn  surface  float  lines,  and  the  slope  of 
that  portion  of  the  water  surface  affecting  the  basin.  The  unusual 
velocity  between 'Stations  80  and  36  is  fully  accounted  for  by  an  examin- 
ation of  the  slope. 

These  slope  observations  were  made  on  gauges  set  carefully  by  instru- 
mental leveling  and  fastened  to  the  piling  of  the  East  Jetty.  They  do 
not  necessarily  show  the  exact  slope  that  existed  midway  in  the  channel 
between  the  wing  dams. 

If  the  slope  of  the  central  thread  of  the  current  below  the  head  of 
the  West  Jetty  could  have  been  ascertained  it  woiild  no  doubt  have  shown 
that  there  was  cpiite  a  fall  from  the  middle  of  the  pass  towards  the  jet- 
ties ;  and  if  gauges  set  along  the  West  Jetty  could  have  been  observed 
they  would  have  shown  a  reversed  sloije,  and  would  have  given  a  reason 
for  the  strong  current  moving  along  the  West  Jetty  flowing  up  stream. 
It  will  be  noticed  that  there  are  no  wing  dams  on  the  West  Jetty  from 
Station  38  to  Station  71-|-30,  a  distance  of  more  than  3  000  feet.  The 
wing  dams  on  the  East  Jetty,  ojjposite  this  space,  are  in  shoal  water,  and 
in  a  dilapidated  condition,  and  none  of  them  could  have  had  any  great 
eftect  upon  the  current. 

The  width  of   channel-way  from  Station  26  to  30  is  not  over  600  feet. 

The  width  at  Station  50  is  about  900  feet. 

With  the  data  in  our  possession  we  may  be  able  to  find  out  some  of 
the  reasons  that  induced  the  river  to  excavate  so  great  a  basin  in  so  short 
a  time. 


143 

The  float -lines  on  Plate  XYI  show  that  the  outward  moving  current 
became  narrower  and  narrower,  like  water  forced  throngh  an  orifice 
under  pressnre. 

The  least  width  of  the  current  is  fonnd  some  distance  beyond  the 
greatest  contraction.  In  some  respects  this  action  illustrates  the  jjrinci- 
ple  of  the  "  Vena  Contradn"  of  NeAvtou. 

The  jjarticles  of  water  in  the  centre  of  the  stream  flow  straight  ont 
and  at  right  angles  to  the  edges  of  the  orifice.  The  particles  passing  ont 
at  the  sides  of  the  vein  converge,  and  the  angle  of  convergence  corre- 
sponds to  the  head  of  water  against  the  edges  of  the  orifice  ;  or,  in  our 
case,  against  the  protruding  wing  dams. 

The  wing  dams  are  not  water-tight  Ijv  any  means,  and  the  loss  through 
and  over  the  first,  at  Station  26,  is  arrested  by  those  at  Station  30,  and 
the  second  cause  is  given  for  still  greater  convergence  of  the  particles  ; 
and  so  with  the  third  set  of  wing  dams  at  Station  35. 

Thus  the  reasons  for  the  convergence  and  for  crowding  the  main  vol- 
ume into  still  narrow^er  limits  is  easily  seen. 

This  convergence  continues  until  the  wide  open  space  at  Station  45  is 
reached. 

The  contraction  is,  however,  preserved  to  near  Station  55,  where  it 
widens  out  rapidly  to  either  side,  flowing  off  on  the  side  slopes  jareviouslv 
mentioned  ;  thus  extraordinary^  eddies  are  induced,  and  they,  in  turn, 
pushed  forward  by  the  forces  behind  them,  seek  to  enter  or  crowd  against 
the  main  current,  and  thiis  from  either  side  force  the  latter  into  still 
narrower  limits. 

The  W'idth  of  straight  current  at  Station  48  may  be  assumed  as  130 
feet — sometimes  greater,  sometimes  less.  The  line  of  demarcation 
between  straight  and  eddy  currents  was  usually  very  readily  discerned 
by  the  eye.  It  often  hajjpened  that  in  towing  mattresses  the  eddy  cur- 
rent would  catch  one  end  of  the  mattress  and  whirl  it  about  tug  and  all. 

We  have  the  data  for  calculating  approximately  what  the  depth  should 
be  at  Station  48. 

Observations  for  the  discharge  of  South  Pass  a  short  distance  aliove 
the  jetties,  at  the  flood  stage  of  the  river  for  that  year,  gave  56  000  cubic 
feet  per  second.  The  volume  passing  at  Station  48  was  about  55  000 
cubic  feet  per  second,  some  loss  having  taken  place  through  the  jetties 
above  this  locality.  The  mean  velocity  of  the  straight  current  obtained 
from  the  surface  velocity  and  using  the  co-efficient  0.89  is  4.45  feet  pea- 
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second.     The  width  being  assumed  as  130  feet,  we  have  the  elements  of 
an  equation  for  dejjth. 

Thus  (445  X 130)  ./;  =  55  OOO. 
./;  z=  95  feet, 
which  was  the  maximum  depth  observed. 

The  reason  for  the  deep  excavations  at  the  sides  of  the  l)asin  may  be 
found  in  the  existing  eddy  currents. 

We  are  all  aware,  from  oiir  general  experience,  of  the  power  of  an 
eddy. 

During  the  low  river  season  the  channel  was  somewhat  rectified  by 
wing  dams  built  out  from  either  jetty  at  Stations  45,  52  and  65. 

During  the  time  of  this  extraordinary  scouring  action  the  eddies  in- 
tluced  an.  unusual  and,  as  it  were,  a  counter-balancing  depositing  action, 
and  they  threw  off  the  material  on  the  exterior  of  this  almost  circular 
basin  much  as  a  wheel  throws  oflf  the  mud  by  centrifugal  force.  The 
effect  of  all  this  irregular  action  on  the  channel  below  was  injurious,  and 
also  exhibited  a  dangerous  tendency  towards  undermining  the  West 
Jetty. 

At  the  lower  extremity  of  the  very  fiat  sloi)e  shown  on  Plate  XVI.  there 
was  no  tendency^towards  channel  deepening,  and  the  750  000  cubic  yards 
scoured  from  this  great  basin  over-loaded  the  current  in  the  lower 
reaches  of  the  jetties,  ancl  produced  a  temporary  tendency  to  shoaling 
the  channel. 

The  effect  of  the  flood  river  this  spring  showed  the  futility  of 
attempting  to  rectify  such  extraordinary  currents  by  wing  dams  built  out 
from  the  jetties. 

The  deepest  water  is  now  at  Station  45,  where  it  is  108  feet. 

Of  late  the  ends  of  all  wing  dams  above  the  West  Jetty  have  been  torn 
down  back  to  the  line  of  the  jetty  produced. 

Now,  that  the  cause  of  the  formation  of  the  basin  is  partly  removed, 
we  may  look  for  a  rectification  of  the  channel, 

With  ^11  the  trouble  that  has  been  caused  by  this  phenomenon  it  has 
yet  produced  a  broad  channel  above  and  below  the  basin,  and  the  tend- 
ency is  now  towards  an  elongation  of  the  excavation. 

This  great  basin  afforded  an  opportunity  of  making  examinations  of 
the  character  of  the  matgrial  composing  the  bar  in  this  locality. 

An  instrument  weighing  about  85  pounds  was  made,  which  had  a 
sliarp  steel  point  for  penetrating  the  material»at  the  bottom,  by  allowing 
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it  to  drop  from  the  laimeli.     This  steel  point  was  fitted  into  a  2^  inch 
gas  pipe  about  8  inches  long. 

In  the  side  of  this  point  was  an  opening  about  2  inches  square  with  a 
projecting  lip  on  the  lower  edge  to  catch  the  material  when  the  sounder 
was  drawn  up.  This  short  piece  of  gas  pipe  was  screwed  into  another  jnece 
about  2  feet  long.  So  that  when  the  cavity  was  tilled  the  point  could  be 
Txnscrewed  from  the  longer  piece  and  the  material  removed  liy  a  spoon. 
A  mass  of  lead  was  run  about  the  gas  pipe  to  give  it  weight  sufficieiat  to 
strike  the  bottom  with  great  force.  To  keep  the  point  downward,  while 
falling,  a  white  pine  post  about  2^  feet  long  was  fitted  into  the  gas  pipe 
and  secured  to  it  firmly  by  side  straps  of  iron.  A  ring  with  a  half  inch 
rope  attached  was  fastened  in  the  end  of  the  post,  and  the  machine  was 
dropped  from  the  side  of  the  steam  launch,  the  rope  running  through  a 
sheave  set  in  a  post  about  5  feet  above  the  rail  of  the  launch. 

The  material  brought  from  the  different  localities  and  depths  was 
dried,  then  pounded  up,  if  clay,  and  sprinkled  on  gummed  paper.  Sev- 
eral specimens  are  sent  with  this  paper,  the  object  of  this  examination 
being  to  ascertain  the  original  character  of  the  bar.  A  survey  was  made 
at  the  time  of  making  those  observations.  The  chart  of  this  survey  when 
compared  with  previous  charts  gave  the  data  for  making  a  sketch  show- 
ing tlie  line  of  demarcation  between  original  material  and  any  areas  over 
which  shoaling  may  have  taken  place  since  the  jetties  were  commenced, 
and  on  which  new  deposits  must  have  been  made. 

On  this  sketch.  No.  XVII,  the  points  from  which  the  specimens  were 
taken  are  located  and  noted  according  to  whether  the  material  was  clay, 
sand,  mud  or  half  clay  and  half  sand  by  different  kind  of  circles.  A 
characteristic  curve  is  also  drawn  at  26  feet  dejith,  as  the  line  between 
clay  and  sand  seemed  to  be  approximately  near  this  depth.  A  record 
which  was  kept  of  the  depth  at  which  each  kind  of  material  was  met  by 
a  dipper  dredge  working  at  Station  22,  shows  that  the  line  of  demarca- 
tion between  sand  and  clay  is  at  about  28  feet  dej^th.  Except  on  the 
crest  of  the  bar  there  is  no  doubt  that  the  limit  of  clay  is  about  26  to  28 
feet,  and  that  below  that  depth  sand  is  generally  found  to  an  indefinite 
depth  with  occasional  pockets  of  clay  or  of  sand  and  clay  mixed. 
Seventh. — Interesting  Phenomena. 
For  the  iiurpose  of  offering  facts  for  the  stiuly  by  those  interested  in 
the  phenomena  of  the  river  and  jetties,  a  chart  No.  XVIII.  is  given, 
which  shows  some  of  the  active  elements  and  their  results.      The  in- 
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timate  relation  between  velocity,  discharge,  kind  and  ratio  of  sediment, 
scour  and  deposit  are  more  clearly  shown  by  this  little  sketch  of 
curves  than  by  any  lengthy  descrijitioh  or  by  voluminous  tables.  The 
figures  from  Avhich  some  of  those  curves  are  made,  are  the  result  of 
many  days  and  weeks  of  tedious  work. 

On  this  sketch  is  drawn  the  average  positiozi  of  each  characteristic 
curve,  whose  history  has  been  followed  as  closely  as  circumstances 
Avould  i^ermit. 

They  are  the  20,  24,  30  and  40  feet  curves  seaward  of  the  end  of  the 
jetties,  and  exhibit  ajjproximately  the  position  of  the  outer  face  of  the 
bar  at  each  one  of  the  dates  recorded.  The  points  for  the  curves  are  ascer- 
tained by  means  of  ordinates  spaced  50  feet  ajjart.  There  are  24  of 
those  ordinates,  commencing  on  the  line  of  the  East  Jetty  produced  and 
extending  about  200  feet  west  of  the  West  Jetty  produced.  They  have  a 
common  initial  line,  from  which  the  distances  are  measured  on  the  or- 
dinates to  the  point  where  they  intersect  the  curve.  The  average  dis- 
tance on  all  the  ordinates  gives  the  point. 

The  curve  of  the  river  surface  at  Carrollton  is  also  drawn.  It  may 
be  noted  hei'e  that  extreme  low  water  reads  minus  1.62  on  the  gauge, 
and  extreme  high  water  reads  plus  15.74  on  the  gauge.  Ordinary  low 
water  reads  about  jdIus  2.0,  and  ordinary  high  water  about  jjlus  13.5. 

The  tides  at  low  river  cause  a  fluctuation  of  8  inches  on  the  gauge,, 
but  at  high  river  or  when  the  gauge  reads  13.0  they  become  nil.  This 
gauge  has  been  read  constantly  for  many  years—  and  to  its  readings  are 
referred  many  important  river  observations  from  Carrollton  to  the  Gulf. 
It  was  set  in  1848  by  Prof.  C.  G.  Forshey,  member  of  the  Society,  so 
that  its  zero  should  be  at  the  level  of  mean  tide  of  low  river. 

The  sediment  and  sand  curves  are  also  drawn.  They  show  the  ratio 
of  sediment  to  water  by  weight.  "  This  curve  is  taken  from  the  records  of 
observations  made  by  Cajji.  Brown,  whose  cai-efiil  and  patient  work  is 
solving  many  of  the  important  phenomena  connected  with  the  jetties.  The 
sj)ecimens  from  which  the  record  is  made  were  taken  from  the  South 
Pass  at  Port  Eads. 

There  is  also  drawn  a  curve  showing  the  total  amount  of  excess  of 
scour  over  de^josit  from  East  Point  to  1  000  feet  beyond  the  ends  of  the 
jetties — exjDressed  in  cubic  yards. 

A  comparison  of  these  curves  shows  some  intei*esting  results,  the 
most  important  of  which  is,  that  considering  the  curve  of  the  Carrollton, 
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gauge  the  cause,   all  tlie   other  curves  are   results,  and  follow  it  very 
closely  in  point  of  height  and  time. 

Thus  the  ctxrves  of  the  face  of  the  l)ar  are  changed  liy  the  rise  and 
decline  in  the  river,  by  the  scour  between  the  jetties  and  by  action 
of  storm  waves  and  sea  eiirrents  ;  but  the  sand  curve  exerts  an  import- 
ant infliience  also.  Thus  we  notice,  that  on  the  first  of  August,  1877, 
the  sand  curve  rises  suddenly  and  to  an  unusual  height.  Immediately 
after  this  curve  reached  its  highest  point  the  20,  24  and  30  feet  curves 
extended  out  suddenly  and  to  their  greatest  limit. 

The  curve  of  excess  of  scour  does  not  represent  all  the  material  that 
has  been  removed,  for  there  has  been  an  extensive  deposit  along  the 
river  side  of  the  jetties,  extending  ^out  some  distance  from  them.  The 
whole  amount  of  material  moved,  irresx^ective  of  deposit,  is  5  2.52  566 
cubic  yards.  The  total  of  excess  of  scour  over  deposit  to  date  of  April  5, 
1878,  is  2  853  987  cubic  yards,  as  shown  on  the  curve. 

The  points  on  this  curve  are  obtained  by  comparing  surveys  made  at 
the  beginning  and  end  of  each  characteristic  stage  of  the  river  at  Carroll- 
ton,  as  nearly  as  those  periods  can  be  fixed  to  conform  to  the  times  of 
the  regular  monthly  surveys,  which  are  made  on  the  first  of  each  month, 
or  as  near  that  date  as  circumstances  will  permit.  These  characteristic 
stages  of  the  river  are:  rising  river,  flood  river,  falling  river  and  low 
river. 

A  skeleton  chart  is  made  on  tracing  paper  from  the  two  charts  which 
show-  the  condition  of  the  channel  at  the  beginning  and  end  of  the  period 
— generally  about  three  months  in  duration.  This  skeleton  shows  the 
areas  of  scour,  deposit  and  no  change,  and  is  divided  into  three  charac- 
teristic sections:  the  first  from  "East  Point"  to  "Kipp  Dam;"  the 
second  from  "  Kipp  Dam  "  to  the  end  of  the  jetties  ;  the  third  from  the 
end  of  the  jetties  to  1  000  feet  outside.  The  width  of  the  sections  is  the 
width  between  the  jetties,  except  above  Kipp  Dam,  where  it  extends 
from  the  East  Jetty  to  the  west  shore.  The  difference  in  depths  over 
these  areas  multiplied  by  the  area  gives  prism  of  scour  or  deposit. 

The  result  just  worked  out  by  comparing  the  survey  of  January  1> 
1878,  with  that  of  April  5,  1878,  is  one  of  the  most  satisfactory  ever- 
found,  and  show's  that  the  power  for  channel  making  by  the  jetties  is  by 
no  means  exhausted. 

The  river  has  been  at  two-thirds  flood  stage — the  sediment  curve  is. 
.seen  to  be  very  prominent,  and  yet  the  skeleton  shows  an  uninterrupted. 
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scour  from  East  Point  to  1  000  feet  outside  tlie  jetties.  The  only  area 
on  which  deposit  has  occurred  is  near  the  jetties  and  aAvay  from  the 
channel. 

The  prism  removed  from  the  channel  during  this  iDeriod  is  928  825 
cubic  yards,  divided  as  follows  on  the  sections  numl)ered  according  to 
the  above  descrijjtion. 

Commencing  above  Kipp  Dam. 
Number  I,  69  463  cubic  yards. 
Number  II,  778  133  cubic  yards. 
Number  III,  81  229  cubic  yards. 

The  average  deepening  over  the  area  scoured  in  section  Number  II  is 
8  rt\  feet.  The  scour  in  excess  of  shoaling  over  the  whole  area  considered 
from  East  Point  to  1  000  feet  outside  is  619  267  cubic  yards.  The  excess  of 
scour  over  deposit  in  the  "  1 000  feet  outside  "  is  39  309  cubic  yards,  and 
as  the  area  outside  is  1  000  000  square  feet,  the  average  deepening  is  l.-i%%- 
feet. 

Eighth. — Changes  in  the  Gulf  bottom  beyond  the  end  of 
THE  Jetties. 
The  most  important  question,  next  to  that  of  channel  formation,  is 
the  condition  existing  seaward  of  the  jetties.  This  question  has  l)ecome 
much  more  important  than  it  would  otherwise  be,  by  the  published 
statements  and  predictions,  that  have  been  made  prior  to  and  since  the 
commencement  of  the  work. 

Preliminary  to  the  discussion  of  this  question,  it  will  be  conceded  by 
all,  that  the  greatest  shoaling  in  front  of  the  jetties  would  occur  while 
they  were  being  constructed  and  the  channel  was  forming,  for  two 
reasons. 

1st.  During  this  time,  now,  of  nearly  three  years'  duration,  there 
has  been  thrown  out  into  the  gulf  nearly  3  000  000  cubic  yards  of  heavy 
.sedimentary  matter  in  excess  of  all  deposits. 

2nd.  The  curx-ent  force  has  been  much  weaker  during  the  formative 
■condition  of_^the  channel  than  it  will  be  when  the  maximum  dejith  is 
secured  ;  for  it  is  fair  to  presume  that  a  current  30  feet  deep  wiU  have 
much  more  carrying  power  than  one  12  feet  deep. 

Now,  what  are  the  facts  derived  from  two  and  one-half  years'  work  '? 
What  is  the  condition  of  the  Gulf  bottom  in  front  of  the  jetties,  with  a 
depth  over  the  bar  of  about  23  feet  ?  During  the  latter  i:)art  of  October 
of  last  year,   a  careful  and  minute  survey  was  made  to  ascertain  these 
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facts.  The  result  is  given  on  Chart  XIX.  and  in  the  following  tables, 
on  Avhich  a  comparison  is  made  with  the  United  States  Coast  Survey  of 
1875  previous  to  the  commencement  of  the  jetties. 

TabiiE  of  Compaeison 

Of  the  Quantities  of  Water  in  37  Subdivisions  of  an  area  containing  about  0.278  square  miles, 
or  178.37  acres,  immediately  seaward  of  the  end  of 

South  Pass  Jetties, 

Between  the  dates  of  May,  1875,  and  October  1S77,  to  accompany  Comparative  Chart — Plate  XIX. 


S  "a  1 

Area  of 
Subdvision 

Mean  loss  in 
depth      over 
Subdivision 

Mean  gain  in 
depth       over 
Subdivision 

Quantity  of 

Water     lost 

in  Subdivision 

siuce  May.  1875, 

Quantity  of 
Water    gained 
in  Subdivision 
since  May,  1875, 

Kumber  of 
Soundings  in 
Subdivision. 

g.Q    ! 

in  6q.  it. 

since  May, 

since  May, 

'^m  '■ 

1875,  in  feet. 

1875,  in  feet. 

in  cubic  yds. 

in  cubic  yds. 

May, 

Oct. 

1S75. 

1877. 

1 

500,000 

4.1227 

76347. 

35. 

223. 

2 

500,000 

o.eVob 

12795. 

26. 

149. 

.    3 

500,000 

1.4288 

.... 

26459. 

24. 

85. 

4 

500,000 

0.3682 

6818. 

19. 

49. 

5 

500,000 

0.8  3  63 

i.5488. 

.... 

10. 

35. 

6 

50,000 

4*7  833 

8858. 

5. 

17. 

7 

100,000 

o.'ssVs 

'1234. 

4. 

19. 

■8 

150,000 

6.3208 

35116. 

■  7. 

20. 

9 

200,000 

2.8667 

21234. 

6. 

21. 

10 

250,000 

1.5750 

14583. 

8. 

13. 

11 

50,000 

0.0583 

108. 

7. 

13. 

12 

100,000 

.... 

1.3222 

'4897. 

4. 

14. 

13 

150,000 

.... 

5.9833 

33241. 

5. 

14. 

•14 

200,000 

1.8133 

13432. 

.... 

8. 

13. 

15 

250,000 

3.7083 

34336. 

3. 

15. 

16 

100,000 

0.3444 

'1276. 

10. 

23. 

17 

100,000 

•   •   •   ■ 

1.4944 

.... 

5535. 

5. 

13. 

18 

200,000 



4.1733 

.50913. 

6. 

18. 

19 

250,000 

1.6972 

15715. 

10. 

20. 

20 

100,<»00 

3.8167 

.... 

141-6. 

7. 

13. 

2\ 

100,000 



3.1222 

11564. 

6. 

10. 

22 

200,000 

.   .  .   > 

3.0533 

.22617. 

14. 

10. 

23 

250,000 

1.4944 

.   •  •  • 

13887. 

.... 

8. 

13. 

24 

100,000 

0.0611 

•   •   .   • 

226. 

4. 

14. 

25 

200,000 

0.2767 

2049. 

10. 

20. 

26 

250,000 

2.8055 

.    .   •   • 

25977. 

10. 

16. 

27 

60,000 

2.2667 

5037. 

2. 

15. 

28 

100,000 

2,7722 

10267. 

4. 

12. 

29 

200,000 

2.3966 

.... 

17753. 

7. 

15. 

30 

250,000 

.... 

2.0861 

19316. 

11. 

19. 

31 

60,000 

.... 

0.0417 

.... 

92. 

2. 

7. 

32 

125,000 

2.9095 

13470. 

7. 

19. 

33 

250,000 

1        .... 

1.3028 

.... 

12063. 

7. 

15. 

34 

250,000 

i 

5.9055 

.... 

54681. 

14. 

22. 

35 

125,000 

.... 

2.0286 

.... 

9392. 

10. 

11. 

36 

250,000 

.... 

2.4194 

22402. 

8. 

17. 

37 

250,000 

2.7889 

25,823. 

4. 

19. 
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Key  to  Combinations. 
Combination  "A"  contains  subdivisions  1-5    inclusive. 

"C"         "  "  1-23 

"D"        "  "  1-31 

<«  "E"         "  "  1-37         " 


Letter 

of 
Com- 

Area  of 
Combina- 
tion in  sq. 
ft. 

Mean  loss  in 
Depth  on 
Combina- 
tion since 
Blay  '75,  in 
ft. 

Mean  Qain  in 

Depth  on 

Combination 

since  May  '75, 

in  ft. 

Quantity  of 
Water  lost  in 
Combination 
since  May, 
1875,  in  cub. 
yds. 

Quantity  of 
Water  gained 
in  Combina- 
tion since 
May,  1875.  in 
cub.  yds. 

Number  of 
Soundings  in 
Combination. 

bina- 
tion. 

May, 
1875. 

Oct. 

1877. 

A 
B 
C 
D 
E 

2,500,000 
4,000,000 
5,300,000 
6,520,000 
7,770,000 

0.8785 
0.72G9 
0.99G5 
1.1443 
1.1661 

81,341 

107,690 
195,609 
276.328 
335,572 

114 
171 
237 
287 
337 

541 
700 
820 
928    • 
1,031 

Area  of  scour 4.311.000  square  feet. 

slioaline- 3.459.000 


Total  area 7.770.000 

Average  increase  in  depth  over  area  scoured, 
335.572  cnb.  yds. 

— =  2.102  feet. 

4.311.000  sq.  ft. 

The  accompanying  map  and  the  foregoing  tables  explain  themselves.. 

The  method  emjDloyed  in  the  calculations  may  be  open  to  the  charge 
of  interjDolation  of  soundings  ;  but  any  other  method  was  impossible, 
owing  to  the  paucity  of  the  Coast  Survey  Soundings  in  many  of  the  sub- 
divisions. 

The  interi^olation  is  made  with  all  possible  accuracy,  and  the  number 
of  soundings  in  each  division  is  given  in  the  tables,  that  anyone  may 
judge  of  the  possibility  of  error. 

The  fact  of  the  deepening  seaward  of  the  jetties  is  established  by  this 
survey,  and  it  is  fully  coroborated  by  a  survey  of  May,  1876,  which  was 
compared  with  the  same  Coast  Survey  chart  used  in  the  above  calcula- 
tions. 
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The  surveys  of  Captain  Brown,  Avliicli  are  far  more  extensive,  attest 
•the  acenraey  of  the  result  given  in  the  tallies.  In  a  comi^arison  of  two 
of  his  own  surveys,  one  of  June,  1876,  and  the  other  of  June,  1877,  he 
shows  that  there  has  heen  an  average  deejjening  of  1  foot  and  3  iV  inches 
over  an  area  of  542  acres  in  front  of  the  jetties,  the  boundary  lines  of  the 
-area  on  each  side  radiating  from  the  ends  of  the  jetties,  and  extending 
seaward  of  them  one  mile,  with  a  width  at  the  outer  limit  of  one  mile 
and  a  half. 

We  offer  the  following  reasons  for  this  deej^ening  : 

1st.  The  jetties  are  built  out  into  and  at  right  angles  to  a  salt  water 
■current,  Avhich  at  certain  seasons  of  the  year  and  under  certain  conditions 
■of  the  winds,  flows  along  the  face  of  the  bar. 

This  current  may  be  due  entirely  to  the  winds,  or  to  other  causes  in 
2Jart.  It  is  not  always  in  the  same  direction  ;  generally  it  flows  to  the 
westward,  but  often  to  the  eastward,  and  sometimes  there  is  no  percep- 
tible current  either  way.  Daring  the  fall  and  winter  and  early  spring 
months  the  winds  prevail  from  the  northeast  and  east,  and  the  current 
to  the  westward  is  often  well  marked  and  strong. 

Thus  the  jetties  are  dykes  built  into  a  river  of  salt  water  and  at  right 
angles  to  its  currents.  This  causes  a  "race"  in  front  of  the  jetties,  ex- 
tending its  influence  some  distance  beyond  them. 

2d.  Over  the  old  bar  there  was  a  sluggish  oiitward  river  current 
about  eight  feet  deep  ;  over  the  new  bar  there  has  been  a  current  with 
an  average  depth  of  twenty  feet  for  the  last  two  years.  The  velocity  and 
power  of  this  current  is  much  greater  than  that  formerly  existing. 

This  strong  volume  of  fresh  water  cannot  be  thrust  aside  at  once, 
nor,  on  the  other  hand,  can  the  volume  of  salt  water  be  dammed  up  by 
it.  The  resiilt  therefore  of  a  meeting  at  right  angles  of  these  two  forces, 
is  a  depression  of  the  salt  water  ciirrent  into  the  very  soft  gulf  bottom, 
and  a  consequent  scour  and  removal  of  the  material  to  restore  the  sec- 
tional ai'ea  encroached  upon  by  the  new  and  deeper  fresh  water  current. 
As  a  corroboration  of  these  views,  attention  is  called  to  the  areas  of 
:scour  and  deposit  on  the  chart,  the  former  being  shown  by  the  unshaded 
portions  and  the  latter  by  the  shaded  portions.  Well  defined  channels 
of  scour  can  l)e  traced  across  the  whole  area  and  at  right  angles  to  the 
idischarge  of  fresh  water  from  the  jetties. 

These  facts,  so  fully  corrol)orated  by  independent  surveys,  made  at 
different  times  by  different  jjarties,  Avith  the  additional  fact  taken  from 
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them,  viz. :  that  nearly  all  the  contours  in  front  of  the  jetties  front 
twenty  feet  to  eighty  feet,  or  as  far  as  any  examinations  have  been  car- 
ried with  sufficient  detail  for  comparison  have  receded,  show  con- 
clusively that  the  whole  outer  slope  of  the  South  Pass  bar  has  advanced 
landward  instead  of  seaward. 

How  much  the  jetties  will  need  to  be  extended  annually,  or  even 
when  an  extension  will  be  necessary,  no  one  can  predict  in  the  face  of 
these  indisi:)utable  facts. 

This  we  do  know,  and  we  emphasize  ar^d  restate  and  insist  upon  it^ 
that  under  more  unfavorable  circumstances  than  can  ever  recur  again^ 
the  jetties  have  caused  a  scoixr,  instead  of  a  deposit,  in  front  of  them. 

In  a  late  official  report  of  Maj.  C.  W.  Howell,  U.  S.  A.,  he  offers  the 
opinion  that  this  deepening  is  diie  to  influences  similar  to  those  op- 
erating in  crevasses  of  the  river  bank. 

Let  lis  for  a  moment  compare  the  conditions  existing  at  the  end  of 
the  jetties  and  those  at  Cubit's  crevasse. 

This  crevasse  occurred  about  fifteen  years  ago.  It  is  three  miles 
above  the  head  of  the  jjasses,  on  the  east  bank  of  the  river. 

The  fall  between  the  surface  of  the  water  in  the  river  at  flood  stage 
and  the  adjoining  bay  is  from  three  to  four  feet. 

The  almost  immediate  resiilt  of  the  crevasse  was  the  formation  of  an 
extraordinary  crater  about  180  feet  deeji,  or  about  130  feet  deeper  than 
the  river  near  by. 

A  very  short  distance  from  this  great  depth  there  was  not  more  than 
six  feet  of  water.  This  condition  has  existed  to  this  date.  I  am  cred- 
ibly informed  that  the  launch  of  an  engineering  party,  drawing  three- 
and-a-half  feet,  was  hard  agroimd  at  the  bow,  while  over  the  stern  the 
lead  went  down  a  peri^endicular  precipice  over  100  feet  deeji.  Here  we 
have  a  great  volume  of  water  forced  under  the  pressure  of  four  feet 
head  against  the  bank  of  the  river  ;  the  result  is  a  tremendous  vertical 
etldy  that  makes  and  maintains  an  extraordinary  excavation.  The  fresh 
water  volume  j^ushes  to  one  side  the  salt  water  and  sweeps  over  the  shoal 
ground.  Where  this  flow,  some  distance  from  the  river,  is  checked,  the 
bay  is  filled  up  by  a  deijosition  of  the  sediment,  and  grasses  and  willows 
are  already  growing  in  abundance. 

At  the  end  of  the  jetties,  the  head  of  water  is  not  more  than  three 
inches  at  the  maximum.  Instead  of  a  river  bank  and  shoals  to  strike 
against,  the  fresh  water   current   flowing  out    of  the  jetties  moves  out. 
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gently  over  a  stratum  of  salt  water.  The  stratum  of  fresli  water  be- 
comes thinner  and  the  salt  water  deeper  as  we  go  from  the  end  of  the 
jetties  seaward. 

Now,  much  of  the  deepening,  shown  on  the  chart,  has  taken  place 
where  we  know  by  observation  that  there  is  a  depth  of  fresh  water  at 
flood  stage  of  the  river  of  say  twelve  feet,  moving  gently  and  smoothly 
seaward,  without  boils  and  eddies,  on  a  stratum  of  salt  water  forty  feet 
thick. 

Can  it  be  imagined  even  that  this  thin  layer  of  fresh  water  is  distiirb- 
ing  and  throwing  into  commotion  in  its  gentle  flow  a  layer  of  denser  and 
heavier  salt  water  under  it  ? 

Again,  how  account  for  the  deepening  that  occurs  during  low  river 
when  there  is  no  head  of  water  and  the  salt  water  fills  the  jetty  channel 
and  the  Pass  and  the  tides  flow  in  and  out  almost   without  obstruction  ? 

We  know  that  most  of  the  deepening,  or  a  large  part  of  it,  occurred 
during  low  river,  and,  without  any  doubt,  from  the  effect  of  the  littoral 
current  ;  for  the  current  itself  can  be  plainly  distinguished,  and  the 
deepening  occurs  at  the  same  time.* 

Ninth, —T-H^F.  Head  of  the  Passes. 

"With  all  the  peculiar  and  interesting  phenomena  connected  with  the 
jetties,  and  the  engineering  difficulties  connected  Avith  them,  there  was 
nothing  at  the  mouth  of  the  Pass  that  presented  the  difficulties  that 
have  been  met  at  the  head  of  the  Passes. 

In  order  that  a  full  knowledge  may  be  had  of  the  conditions  existing 
there,  a  map  of  the  Mississipi^i  River  and  Passes  at  the  point  under  con- 
sideration is  given,  Plate  XX. 

The  U.  S.  Coast  Survey  Majj  of  May,  1875,  has  been  used  for  com- 
IJarison,  and  the  fifteen  feet,  twenty  feet,  twenty- six  feet  and  thirty  feet 
curves  are  drawn  on  the  accompanying  map  which  was  made  from  a 
survey  of  March,  1878. 

The  South  Pass  is  a  l)ayou  compared  with  the  two  large  Passes. 

The  depth  into  it  was  only  about  fifteen  feet,  Avhile  nearly  thirty  feet^ 
could  be  carried  into  the  other  two  Passes. 

In  order  to  deepen  the  l)ar,  partially  blocking  the  channel  into  South 
Pass,  it  was  necessary  to  obtain  erosive  power  in  some  way.  This  could 
only  be  done  by  an  increase  of  velocity,  which  could  be  obtained  only 
by  giving  the  current  flowing  into  South  Pass  a  greater  slope,  and  this 

*  See  page  158. 
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could  only  be  tlie  result  of  a  greater  head  of  water  above  the  PasS  in  the 
river. 

This  head  of  water  was  obtained  by  the  works  constructed  and  shown 
on  the  map  ;  but  a  head  of  water  could  not  be  raised  above  the  head  of 
South  Pass  without  also  raising  it  above  the  other  j^asses,  and  thus  mak- 
ing side  slopes  into  them,  down  which,  for  the  time  being,  some  of  the 
volume  rightfully  belonging  to  South  Pass  flowed  into  Soiithwest  Pass 
and  Pass  a  I'Outre. 

However  the  works  were  designed,  as  shown  [on  the  map  on  the 
supposition  that  the  South  Pass  would  not  allow  itself  to  be  largely 
robbed  of  its  volume,  and  that  while  a  portion  of  it  might,  for  a  while 
seek  the  other  passes  it  would  return  whenever  there  was  an  unob- 
structed entrance  into  South  Pass. 

There  is  no  doubt  that  the  i^rocess  of  channel  making  at  the  jetties 
was  delaj-ed  many  months  by  the  partial  loss  of  the  volume  belonging  to 
South  Pass. 

The  volume  that  flowed  into  South  Pass  formerly  spread  over  a  wide 
expanse  and  the  lines  of  the  neutral  axes  were  as  follows  :  that  between 
South  Pass  and  Pass  a  I'Outre  intercepted  East  Dyke  about  000  feet 
below  "  Cluster  ; "  that  between  South  Pass  and  Southwest  Pass  inter- 
cepted "  T-liead  Dam  2  "  about  300  feet  below  its  upper  terminus. 

The  work  first  constructed  was  "  East  Dyke."  This  was  built  in  the 
winter  of  1875  and  the  spring  of  187G. 

It  was  intended  to  intercept  a  portion  of  the  volume  flowing  into 
Pass  a  I'Outre  and  deflect  it  into  South  Pass. 

The  order  of  the  construction  of  this  dyke,  which  was  built  solid  of 
mattresses  laid  horizontal,  was  as  follows  : 

Work  was  commenced  at  the  upper  end  in  December,  1875,  at 
low  river,  and  the  foundation  course  was  laid  down  stream  ;  then 
the  second  couse  was  laid  in  the  same  way.  At  about  the  time  of  the 
completion  of  this  course,  the  si)ring  rise  of  the  river  came  and  almost 
immediately  shoaled  the  channel  near  the  dyke,  so  that  the  depth  was 
about  the  same  as  that  on  the  mattresses.  A  new  i^lan  was  then  adopted 
by  constructing  the  dyke  to  the  surface  of  the  water  from  the  lower  end, 
working  up  stream,  and  completing  it  as  we  went. 

It  was  thought  that  as  the  dyke,  as  previously  constructed,  had  acted 
like  a  submerged  dam,  inducing  deposit  above  it,  it  woiild  become  a  real 
■deflecting  dyke,  if  built  to  the  surface,  working  up  stream.     The  current 
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'did  seem  to  make  desperate  efforts  to  break  tlirougli  the  deposit  made  in 
front  of  that  portion  earlier  constructed,  but  it  was  unable  to  do  so,  for 
the  depositing  tendency  overbalanced  the  scouring  i^ower.  The  eastern 
channel  shoaled  up  to  eight  or  ten  feet. 

The  plan  of  the  works,  as  shown  on  the  map,  was  then  designed  and 
■carried  into  execution,  and  a  change  of  base  was  made  from  Pass  a  I'Outre 
to  South  West  Pass. 

'•East  Dvke"  was  used  as  a  base  to  work  from,  and  the  confinement 
of  the  volume  in  the  lower  line  of  the  western  channel  was  the  ultimate 
object. 

"  Dam  No.  I,"  built  in  a  similar  manner  to  the  wing  dams  described 
jn-eviously,  was  first  constructed  'in  the  fall  of  1876  ;  then  a  T  head  across 
the  west  end  of  it  extending  ujo  to  "New  Chister."  A  dam  was  thrown 
across  the  eastern  channel  between  the  head  of  the  island  and  "  East 
Dyke." 

This  latter  work  was  of  too  temporary  a  nature,  and  was  undermined 
and  much  of  it  washed  out. 

A  more  substantial  and  permanent  structure  was  afterwards  built  to 
rei)laee  it,  and  known  as  "Island  Dam." 

The  "Dam  II."  was  also  built  in  the  fall  and  winter  of  1876,  and  a 
"Thead"  was  built  jiarallel  to  the  opposite  "T  head  Dam  I."  The 
Oldening  between  these  two  T  heads  was  800  feet.  During  the  winter  of 
that  year  and  the  early  spring  of  1877  a  channel,  about  20  feet  deep  and 
50  feet  wide,  was  dretlged  through  the  shoal  lying  between  the  T  heads. 

As  soon  as  the  river  rose  in  the  spring,  this  channel  quickly  widened 
and  deejiened,  and  has  continued  to  improve  ever  since. 

After  the  chaiHiel  had  been  formed,  it  Avas  found  that  the  current  im- 
l^inged  too  severely  upon  "Thead  Dam '2,"  and  that  the  shoal  lying 
Tinder  "T  head  Dam  1"  was  too  extensive.  In  order  to  remedy  those 
evils,  the  "  T  dam  I  "  was  torn  down  lietween  " New  Cluster  "  and  "Dam 
I.'"     Below  "Dam  I,"  nothing  but  a  foundation  course  of  mattresses  was 

built. 

The  "T  head  Dam  2"  was  built  in  a  permanent  and  substantial  man- 
ner. An  extension  was  added  to  it  in  the  spring  of  1877,  and  constitutes 
that  portion  that  cxirves  to  the  eastward. 

Gauging  simultaneously  the  three  Passes,  it  Avas  ascertained  that 
there  had  been  loss  of  volume  by  South  Pass.  This  was  in  the  summer 
of  1876. 
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In  the  fall  of  tliat  year  a  sill  of  mattresses  was  laid  across  tlie  Soiitli- 
west  Pass,  connecting  "  T  Dam  2  "  with  the  west  shore  of  that  pass. 

In  the  sjiring  of  1877  a  similar  sill  was  laid  across  Pass  a  I'Outre,  con- 
necting the  iiijper  end  of  "East  Dyke "  with  the  east  bank  of  that  pass. 

The  object  of  these  sills  was  to  prevent  any  further  loss  of  volume, 
and  to  induce  more  water  to  flow  into  South  Pass. 

As  these  sills  were  important  and  somewhat  peculiar  in  construction, 
and  as  the  diflSculties  were  considerable  in  laying  them,  we  will  describe 
them  briefly. 

The  mattresses  were  constructed  at  the  Jump,  about  12  miles  above- 
the  works  ;  they  were  towed  down  the  river  by  a  stern-wheel  steamboat,, 
and  tied  up  to  anchorages  built  some  distance  above  the  works. 

The  tug  took  them  from  this  position  and  towed  them  astern  to  the 
sill. 

About  175  feet  above  the  lower  line  of  the  sill,  which  was  made  of 
mattresses,  70  feet  long,  25  to  40  feet  wide,  and  2  feet  thick,  anchorages 
were  built  about  150  feet  apart.  They  were  constructed  of  three  piles,, 
driven  in  the  form  of  a  triangle,  about  8  feet  apart.  These  j^iles  sup- 
ported a  plank  platform,  and  were  held  securely  together  by  5"  by  9" 
timbers  bolted  to  them,  and  on  which  the  planks  were  spiked.  In  order' 
to  make  an  angle  of  about  45  degrees  between  the  level  of  the  platform,, 
which  was  about  2  feet  above  the  water,  and  the  bed  of  the  river  above 
the  platform,  two  piles  were  driven  about  30  feet  above  the  platform,  and 
l>olted  together,  after  wiiich  a  J''  chain  was  slipj)ed  over  them  and  let 
fall  to  the  base  of  the  j^iles  ;  the  running  end  was  made  fast  to  one  of  the 
platform  piles  and  drawn  taut  with  the  engine  of  the  steam  pile-driver. 

Eanges  were  put  up  to  show  the  lower  line  of  the  sill,  which  wa  i  70  feet 
wide,  the  length  of  the  mattresses,  and  they  Avere  then — two  or  three,  and 
sometimes  four  at  a  time  —  placed  in  position  ;  each  one  as  it  was  dropped 
down  by  the  tug  and  made  fast  by  long  head  lines  to  the  platforms,  was 
hauled  to  its  place  beside  the  others  or  against  side  guide  isiles  by  the 
driver.  When  all  that  were  to  be  sunk  at  one  time  had  been  placed  in 
position,  side  by  side,  and  pulled  close  together,  so  that  the  brush  was. 
jammed,  the  pile-driver  swung  around  to  the  ojiposite  side  of  the  mat- 
tresses and  drove  two,  sometimes  three,  guide  piles  close  into  the  bushy 
edge  of  the  outer  mattress.  The  mattresses  were  all  lashed  securely  to- 
gether and  to  the  piles,  so  that  in  sinking  they  would  not  break  apart. 
One,  and  sometimes  two,  stone  flats,  carrying  about  50  cubic  yards  of 
stone,  were  jilaced  above  and  against  the  ui:)per  edge  of  the  mattresses. 
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The  stone  was  carried  off  tlie  flats  first  to  the  lower  edge  of  the  mat- 
tresses and  evenly  distrilnited  over  it,  sinking  it  from  the  lower  end  to 
just"  the  surface  of  the  water.  When  the  whole  fleet  of  mattresses,  some- 
times ICO  feet  in  width,  or  4  mattresses,  40  feet  wide  and  70  feet  long, 
was  covered  with  water,  the  men  commenced  rolling  the  stone  off  of  the 
flats  on  to  the  upper  edge  of  the  mattresses.  By  this  means,  by  slack- 
ing gradually  the  lines  holding  the  flats  to  the  anchorages,  they  dropped 
down  over  the  sinking  mattresses,  the  men  meanwhile  throwing  off  the 
stone  as  rapidly  as  i:)ossible.  Soundings  were  taken  on  the  mattresses 
as  they  sank,  so  that  they  could  he  put  down  level  on  the  bottom. 

When  they  were  found  to  lie  smooth  on  the.  bed  of  the  river,  they 
were  well  loaded,  and  the  lines,  all  except  the  lashings,  were  taken  off,. 
As  many  of  these  mattresses  were  sunken  in  30  feet  of  water,  Avith  a  cur- 
rent sometimes  from  3  to  4  miles  per  hour,  with  the  piles  and  anchor- 
ages swaying  back  and  forth,  with  mattress  lines  so  taut  that  it  seemed 
as  though  they  would  snap  asunder,  the  diflSculty  of  the  work  can  be 
imagined. 

Neither  of  these  sills  has  ever  been  disturbed  by  the  currents.  Their 
continuance  was  necessary  to  success,  and  all  possiljle  pains  were  taken 
to  secure  it. 

The  effects  of  all  these  dykes,  dams  and  sills  is  already  very  marked. 

1st.  A  deep  scour  throiigh  the  entrance  channel,  extending  to  the 
narrow  channel  between  the  island  and  the  west  shore. 

2d.  Over  the  whole  area  included  between  "East  Dyke"  and  "Thead 
Dam  1,"  where  formerly  there  were  15  feet  of  water,  there  has  been  a 
general  shoaling,  so  that  now  there  are  only  about  2  feet  of  water.  This: 
shoaling  has  extended  below  "  Island  Dam  "and  above  "Dam  I,"  far 
up  into  the  river. 

On  the  west  side,  there  has  been  considerable  shoaling  above  ' '  Dam 
II." 

3d.  Changes  have  occurred,  and  are  occurring,  which  are  very  favor- 
able for  the  channel. 

Above  the  Southwest  Pass  sills,  extending  to  the  up))er  limits  of  the 
survey  shown  on  the  map,  and  from  the  west  shore  half  way  out  across 
the  Pass,  there  has  l)een  an  average  shoaling  of  about  1^  feet  during  the 
last  12  months.  The  30  and  20  feet  curves  have  advanced  down  stream 
about  700  feet  during  the  last  year,  immediately  aliove  the  South  Pass 
channel,  and  in  the  line  of  current  flowing  into  it. 
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We  may  reasonably  conclude,  that  tlie  mattress  sills  are  liaviug  some 
•effect  upon  the  regimen  at  the  head  of  the  Passes. 

Although  the  obstruction  is  slight,  it  must  yet  exert  an  influence. 

During  certain  conditions  of  the  wind,  the  "rij)ple  "  or  "break"  of 
these  sills  can  be  seen  entirely  across  the  Passes. 

With  a  lied  so  easily  moved,  the  volume  of  water  now  exerting  itself 
to  "  jump  "  these  sills  will  slowly  but  surely  seek  the  less  obstructed  en- 
trance of  South  Pass,  so  that  we  may  look  for  a  still  deeper  channel  into 
South  Pass  as  a  result  of  these  sills  ;  at  any  rate,  we  will  recover  the 
volume  which  may  have  been  lost. 

If  these  sills  should  ba  raised,  especially  the  one  across  Southwest 
Pass,  the  head  of  water  .above  them  Avould  be  increased,  and  a  side  slope 
would  be  found  to  exist  towards  Soiith  Pass  channel,  on  Avliich  the  water 
Avould  flow  into  the  latter. 

Whether  the  jiroblem  is  fully  solved  or  not,  the  indications  for  com- 
plete success  at  the  head  of  the  Passes  are  very  favorable. 

There  are  many  items  and  even  subjects  of  interest  that  have  been 
omitted  necessarily  from  a  paper  of  this  kind  and  extent. 

The  details  of  the  construction  of  the  work  closing  Grand  Bayoii ;  the 
method  by  which  the  slopes  of  the  Pass  and  river  have  been  ascertained  ; 
a  description  of  the  jjowerful  hydraulic  dj-edge  boat  G.  W.  R.  Bai/ley  ; 
the  history,  of  the  construction  of  the  jetties,  wdth  the  quantities  of  ma- 
terials used  ;  and  the  commercial  advantages  that  have  already  resulted 
from  ojiening  the  river's  mouth  to  deep  draught  vessels. 

When  the  whole  work  is  finished,  and  final  success  attained,  there 
might  be  written  a  personal  history  of  the  enterprise,  of  the  most  thrill- 
ing interest,  in  which  might  be  related  the  discouragements,  temj^orary 
failures,  and  obstacles  of  all  kinds,  which  have  required  and  found  a 
heroism,  and  a  patience,  and  a  persistence,  and  a  sublime  faith  on  the 
the  part  of  two  men  (one  an  honored  member  of  our  Society),  who,  as 
engineer  and  contractor,  have  carried  the  work  through  to  success  against 
obstacles  and  through  darkness  and  trouble,  that  long  ago  would  have 
appalled  or  utterly  discouraged  any  but  the  bravest  spirits. 


Foot  Note. — The  report  of  Captain  M.  R.  Brown,  U.  S.  Inspecting  Officer  for  the  year 
■ending  June  3(Jth,  1878,  now  being  published,  shows  an  average  increase  of  depth  of  1  8-10  feet 
■during  the  last  twelve  months  over  the  area  of  1)^  square  miles  beyond  the  jetties'  ends. 
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THE    JSOXJTM     r»^JS«!5i    JTETTIEja*. 

By  riiAiiLEs  W.   Hu-vvELL,  E.  L.  CtiRTiiELL,  C.   Sh.vlek  Smitii.  and 
J.  Foster  Fi,agg. 


Ch.\rle.s  "W.  Howell.  — Through  the  courtesy  of  'Mv.  E.  L.  Coitholl, 
meraher  of  the  Society,  I  have  been  favoved  with  a  maiuiscript  copy  of 
that  i)aii:  of  his  paper  on  "  The  South  Pass  Jetties  "  wiiich  treats  of  the 
cleei)ening  in  the  Gulf,  immediately  in  front  of  the  jetties. 

I  am  thus  enabled  to  offer,  at  the  present  time,  a  discussion  of  tliat 
portion  of  his  i)ai>er. 

About  one  year  ago,  if  I  am  not  mistaken,  it  was  announced  that, 
over  a  selected  area,  immediately  in  front  of  the  South  Pass  Jetties,  there 
had  been  discovered  a  deei)ening  in  the  Gulf  averaging  -ik  feet. 

Shortly  after  this  announcement,  Capt.  M.  K.  Brown,  inspector  of 
the  work,  officially  rei)orted  an  average  deepening  of  one  foot  three  and 
seven-tentlis  inches,  but  in  making  his  calculation  covered  a  gi*eater  area 
than  that  before  covered.  Objection  was  made  to  his  introduction  into 
his  calculation  of  certain  sub-areas  (called  side  areas),  over  which  there 
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}iad  evidently  been  great  shoaling,  but  wliicli  were,  it  was  contended,  not 
sufficiently  well  covered  by  soundings  given  on  the  coast  survey  chart 
used  as  the  basis  of  comparison. 

At  the  time  it  appeared  very  strange  to  me  that  the  deei)ening  re- 
ported should  have  occurred,  and  judging  from  the  several  years  of  ex- 
perience in  sounding  off  the  bars  of  the  several  Passes  of  the  MississiiJi^i, 
as  reported  to  me  by  my  assistants  emjiloyed  upon  the  Avork,  I  was  dis- 
jjosed  to  think  that  the  several  results  were  more  due  to  inaccurate 
soundings  than  to  actual  scour. 

Afterward  I  suggested  (see  my  last  annual  report)  that  scour  might 
have  been  caused,  over  a  limited  area,  .  by  eddies,  similar  to  those  ob- 
served in  crevasses,  and  no  doubt  to  be  found  in  all  cases  where  water, 
under  head,  is  suddenly  released  from  confinement  and  projected  against 
a  denser  body,  either  stationary  or  in  adverse  motion. 

In  view  of  the  discovery  annoimced  in  the  paper  before  us,  that,  over 
the  area  of  which  the  i^aper  treats,  there  is  nearly  always  a  strong  cur- 
rent flowing  out  of  the  South  Pass,  and  frequently  a  very  considerable 
current  flowing  at  right  angles  to  it,  I  am  not  disposed  to  press  my  sug- 
gestion nor  abandon  it,  but  find  some  reason  for  return  to  my  original 
opinion. 

Under  the  conditions  stated  it  would,  no  doubt,  be  a  very  difficult 
matter,  if  not  a  hopeless  undertaking,  to  obtain  accurate  soundings  im- 
mediately in  front  of  the  jetties. 

Giving  due  weight  to  selection  of  areas,  the  variety  of  results  so  far 
presented  may  suggest  correctness  of  this  opinion. 

The  aiithor  of  the  paper  under  discussion  frankly  admits  interpola- 
tion of  soundings  to  sujiply  deficiency,  no  doubt,  in  the  coast  survey 
chart  on  which  he  bases  his  comparison. 

While  fully  assiired  that  this  interpolation  has  been  as  fairly  made  as 
any  one  could  make  it,  it  is  yet  desirable  that  we  should  be  informed  as 
to  the  method  employed,  and  also  that  the  interpolated  soundings  should 
be  so  designated  u^^on  the  chart  (No.  XIX.)  accompanying  the  paper.  The 
importance  of  this  may  appear  from  the  great  regularity  with  which  the 
soundings  have  been  plotted,  and  from  a  knowledge  of  the  very  consid- 
erable and  sudden  irregularities  found  in  the  outer  slopes  of  the  bars  of 
other  passes,  where  a  few  feet  difference  horizontally  has  frequently 
shown  several  feet  difference  in  depth. 

I  have  looked  upon  interpolation  in  such  cases  (as  a  method  of  com- 
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parison I  fis  ono  to  1>p  nvoidtMl  if  jxissiblc,  and  have  considered  tlie  selec- 
tion of  limited  areas  as  apt  to  lead  to  erroneous  eonclusions.  I  will, 
however,  ofler  a  ealcnlation  based  on  the  figures  given  in  the  large  cen- 
tral n'ctangle  (chart  XIX)  enclosed  at  the  sides  l»y  the  lines  running  ont- 
■\vard  fnun  the  jetty  ends  und  covering  tli(>  axis  of  discharge  along  which 
it  wtmld  be  reasonable  to  expei-t  the  greatest  deejieuing. 

My  calculation  ri'sults  as  follows  : 

Average  deei)ening  iVioi  ft. 

It  is  this  jxirtion  that  is  best  covered  by  the  coast  survey  soundings, 
(if  I  remember  rightly),  and  these  soundings  were  made  before  the  con- 
struetiou  of  the  jetties  had  increased  the  difficulty  of  obtaining  accurate 
souiulings  over  this  area.  It  was  to  be  expected  that  with  currents  of 
considerable  velocity  2)assing  over  this  area  at  right  angles  to  each  other, 
soundings  maih'  with  the  greatest  care  would  indicate  an  average  deej)- 
ening,  inasmuch  as  the  Gulf  currtMit,  in  jiassing  under  the  axis  of  the 
river  current,  should  ai)i)arently  be  given  its  gi-eatest  scouring  effect, 
and  also  aiil  in  deflecting  the  sounding  hnc  from  a  perpendicular. 

On  examining  Chart  XIX.  one  is  first  struck  with,  what  may  not  be 
inajifly  called,  the  toi)Ographical  features  of  the  gulf  bottom  over  this 
area. 

There  will  l)e  noted  three  valleys,  with  suspicion  of  a  fourth,  and 
three  well  defined  mountain  (?)  ranges  (pardon  the  hyjierbole),  with 
reasonable  exi)ectation  of  a  fcurrth,  if  the  chart  had  been  carried  a  little 
fui-ther  out. 

The  axis  of  each  valley  and  range  is  a])proximately  at  right  angles  to 
the  axis  of  the  jetty  channel. 

The  valleys  are  undoubtedly  valleys  of  erosion  and  the  ranges  due 
to  dei»osit  or  upheaval,  as  will  appear  from  the  chart,  and  from  the  fol- 
lowing tal)le  comi)iled  from  it  : 


mi 

From  End  of  .Jetties  Orr. 


Valleys 

Ridges 

ilean  Average  Increase 
Depth. 

of 

Maximum 
Increase. 

Mean 
Upheaval. 

Maximum 
Upheaval. 

No.  1. 

7.408  feet. 

21.2  feet, 

9.782  feet. 

24.8  feet. 

^0.  2. 

11.187  feet. 

24.1  feet. 

C..520  feet. 

22.    feet. 

No.  3. 

i 

5.341  feet. 

13.6  feet. 

4.035  feet. 

9.3  feet. 

Part  of  Xo.  4. 

2.666  feet. 

6.2  feet. 

I  assume  the  ridges  to  be  due  to  uplieaval  for  two  reasons  : 

1st.  Because  it  does  not  apj)ear  reasonable  to  expect  deposit  in  such 
position  and  an-anged  in  such  order. 

2d.  Because  at  other  jjasses  I  find,  from  years  of  survey  and  observa- 
tion that  the  same  phenomena  are  laresented,  and  that  the  ridges  are  due 
to  upheaval  of  the  mud-lump  stratum,  and  form  what  I  have  called  the 
nucleus  of  bar  formation. 

One  notable  fact  developed  by  this  apparently  reasonable  selection 
of  area  is  this,  viz. ,  that  in  order  to  obtain  the  average  stated  in  the 
l^aper  it  was  found  necessary  to  include  certain  side  areas,  affected  no. 
doubt  by  the  horizontal  eddies,  and  to  exclude  nearly  all  beyond. 

Taking  the  central  area  alone,  and  then  comparing  it  with  the  total,, 
leads  to  the  conclusion  that  the  axis  of  discharge  of  the  loass  is  repre- 
sented on  the  grdf  bottom  by  a  ridge,  and  that  ranges  1,  2,  3,  etc.,  are 
but  spiu's  of  this  ridge. 

This  would  appear  very  singular  if  we  did  not  know  the  tendency 
toward  bifurcation,  which  all  the  passes  of  the  Mississippi,  except  the 
South  Pass,  heretofore  have  shown  within  the  time  covered  by  authentic 
record. 

It  is  also  noticeable  that  the  maximum  of  deepening  and  of  ui:)heaval 
decrease  as  we  proceed  from  the  jetty  ends  gulfward. 
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This  is  ])ivcis«'ly  Avlmt  1ms  \>vcn  notcil  in  crevasses  liming  tlieir  early 
stages,  ami  wluit  has,  in  their  ease,  been  aserilied  to  vertical  eddies  caused 
by  water,  under  head,  tund)liiig  over  one  obstru<'ti(in  to  butt  against 
iMiotlier,  and  over  that  to  uu'et  a  third,  and  so  on. 

The  heads  of  Cubitt's  cn>vasse  and  of  tlie  Bonnet  Carre  crevasse  are 
now  about  equidistant  from  the  level  oi  tlu'  (lulf.  During  high  water  in 
the  river  their  fall  is  about  as  follows,  in  the  order  named  :  o  to  -i  feet 
and  2(1  feet,  yet  the  dcjiths  of  tiist  crevasse  hole  are  altout  as  follows  : 
123  feet  aiul  oM  feet,  which  would  indicate  that  depth  of  ei-osion  is  more 
dependent  on  date  of  ilelta  formation  than  on  lu»ad  of  water.  Hence  we 
are  led  to  believe  tliat  a  head  of  only  3  or  4  intdies  in  the  jetties  may  create 
quite  deep  ludes,  or  valleys,  in  the  bar  formation  iu  tlieir  front,  which  is 
of  the  newest  fornuition.  Howevt>r,  whether  the  average  deepening  (?) 
immediately  in  front  of  the  Soutli  Pass  jetties  be  wholly  or  partly  due  to 
creva.sse  etTect.  or  whether  it  be  wholly  or  partly  due  to  gulf  currents,  is 
a  matter  of  secondary  importance. 

Mr.  Coi'tliell  emi)hasizes  the  statement  :  •'  That  under  more  unfavor- 
able circumstances  than  can  ever  oci-ur  againj  the  jetties  have  caused  a 
scour  instead  of  a  de2)osit  iu  front  of  them."' 

The  oi)iuiou  as  to  more  uniavorable  circumstances  not  being  likely  to 
present  themselves,  does  not  ajipear  to  me  as  well  founded,  yet  if  it. 
should  prove  uot  to  be,  jetty  application  at  the  mouth  of  the  Mississippi 
will  i)roliably  be  abandoned  in  the  course  of  a  few  years. 

So  important  a  matter  is  well  worth  consideration. 

In  the  first  jilace,  we  learn  from  the  several  published  reports  of  the 
inspecting  olticer,  that  for  several  hundred  fec^t  from  the  jjrojected  outer 
ends  of  the  jetties  it  was  found  such  a  difficult  matter  to  secure  founda- 
tion on  the  newly  made  i)ortion  of  the  bar  (wluu-e  even  the  guide  i)iles 
driven  gradually  went  down  under  their  own  weight  and  action  of  the 
waves),  the  maintenance  of  these  i)ortious,  at  full  height,  was  not  per- 
sisted in.  It  was,  ai)i)arently,  discovered  that  such  maintenance  would 
be  a  very  expensive  task. 

Now  let  us  assume  that  I'idges  No.  1  and  No.  2  continue  to  rise  at  the 
rate  shown  in  oiu'  table,  we  must  believe  extension  of  the  jetties  will  be 
called  for  at  an  earlj'  date.  Not  only  completion  of  th(>  troublesome  few 
hundred  feet  cited,  Init  extensions  over  valli^ys  No.  1  and  No.  2. 

Of  cour-se  such  extension  would  not  be  im2)ossibIe,  but  it  would 
evidently  be  very  costly,  and  similar  extensions  might  uot  afterward  be 
undertaken. 
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I  cannot  believe,  as  Mr.  Corthell  does,  that  the  greatest  difficulties 
have  been  overcome.     I  look  for  these  in  the  near  fixture. 

The  difficulty  does  not  alone  lie  in  this  very  import&nt  one  of  fre- 
quent extension  into  the  Gulf  over  a  newly  made  sedimentary  deposit  of 
great  thickness  and  little  sustaining  power  as  a  foundation,  but  it  also 
lies  in  the  i^redicted  and  observed  shoaling  of  the  whole  body  of  the 
Pass  ;  in  the  great  uncertainties  which  must  attend  any  attempt  to  force 
an'increased  volume  of  water  through  the  Pass,  and  in  the  upstream 
growth  of  the  bar  at  the  head  of  the  Passes. 

E.  L.  CoETHELL.— Major  Howell  has  reciprocated  the  courtesy  wdiich 
he  alludes  to,  and  has  kindly  furnished  me  a  copy  of  his  remarks  to  be 
read  in  the  discussion  of  my  paper  on  the  "South  Pass  Jetties." 

As  a  considerable  portion  of  his  remarks  and  much  of  his  argument  is 
consumed  in  attemi)ting  to  show,  that  the  results  which  I  speak  of,  as 
facts,  are  ilhisions  brought  about  by  inaccurate  soundings,  I  will  say  : 
1st.  It  is  reasonable  to  suppose  that  thelsoundings  taken  by  one  cor2)s 
of  professionals  is  as  reliable  as  those  of  another,  but  when  one  is  en- 
gaged in  a  special  investigation,  and  the  other  in  general  surveys,  the 
former  is  generally  supposed  to  work  to  a  nicer  degree  of  accuracy.  So 
in  the  surveys  under  discussion,  I  give  the  preference  to  Caj^t.  Brown's 
party  rather  than  to  Major  Howell's. 

2d.  It  is  an  error  to  compare  the  difficulties  under  which  Cajit.  Brown 
labored  Avith  those  that  the  Coast  Survey  party  met,  for  the  simple  rea- 
son that  Capt.  Brown  compared  two  of  his  own  surveys,  and  made  no 
comparison  with  the  Coast  Survey. 

3d.  The  survey  of  Capt.  Brown  cannot  be  compared  with  the  one  that 
is  alluded  to,  as  disclosing  a  deej^ening  of  4^  feet— since  the  former 
covers  in  its  comi^arison  only  one  year,  while  the  latter  covers  two  years, 
ith.  The  survey  made  in  October,  1877,  which  forms  the  basis  of  com- 
parison with  the  results  of  the  Coast  Survey  of  1875,  a  chart  of  which  is 
ci\  en,  was  made  under  the  most  favorable  circumstances  that  could  pos- 
sibly exist. 

The  difficulty  (?)  which  Major  Howell  speaks  of,  resulting  from  cross 
currents,  did  not  exist,  for  it  was  made  at  the  low  water  season,  and  there 
was  no  river  discharge  to  interfere  with  accuracy.  There  was  a  straight 
current  across  the  mouth  of  the  jetties,  and  at  right  angles  to  them,  with 
a  velocity  of  about  IJ  miles  per  hour.-  The  soundings  made  on  lines  run 
against  the  current,  with  the  current,  and  across  the  current,  checked 
closely  with  each  other. 
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nth.  Ca|>t.  IJrowii  states  tlmt  acrumtt'  soundings  can  bo  mad'-  to  a 
l.'jitli  (if  Kill  fret.  Tlif  (It'ppost  soniulinp;  on  thiM-hart  in  qncstnin  is  not 
much  civcr  5(1  fcot. 

Till'  (lillii-ultics  wliii  h  Major  Howell's  ])art.y  has  mot  with,  exist  in 
d.H']!  soundings,  from  lOO  feet  to  ."^00  feet  or  deeper.  »  This  is  the  fir.st 
intimation  we  have  ever  had  that  our  work  made  iuime.Iiately  in  front  of 
the  jetties  is  necessarily  inaccurate  on  acctmut  of  cnws  cixrrents. 

Granting  for  a  moment,  that  tlie  ditliculties  do  exist,  on  account  of 
new  and  strong  under  cun-onts  flowing  across  the  mouth  of  the  jetties, 
nia}'  we  not  reason,  that  a  current,  that  would  have  such  a  marked  effect 
ou  a  h'ad  line,  would  move  the  soft  material  of  whit^h  the  outer  slope  of 
the  l)ar  is  formed. 

Major  Hcnvell  regrets  that  we  have  not  given  more  fully  the  details  of 
the  interpolation  used  on  the  chart  XIX,  and  also  given  the  original 
soundings  them.selves. 

It  may  be  stated,  that  all  the  soundings  are  interpolated,  the  object 
being  to  obtain  comi)arative  depths  at  each  corner  of  each  square  of  100 
feet  to  make  the  ealcnlation  for  the  prism  more  accurate. 

The  original  soundings  were  not  put  down,  as  it  would  cause  great 
lonfusion  on  the  chart,  but  the  uumbm-  of  sotmdings  on  each  subdivision 
is  griven  in  the  table  accomijanying. 

An  attempt  was  made  to  obtain  the  mean  depth  by  averaging  the 
original  soundings,  but  it  was  found  to  be  a  "mean  depth"  only  in  name, 
especially  on  subdivision  Xo.  I,  one  of  the  mo.st  important,  for  the  Coast 
Survey  soundings  of  sm.ill  d -pths,  over  this  area,  were  far  the  most  nu- 
merous, and  consequently  a  calculation  obtained  by  averaging  the  dei)ths 
\\ oTild  have  given  a  mean  de])th  much  too  small,  and  an  increase  of  water 
jtrism  much  too  great. 

From  the  careful  study  of  the  subject,  and  of  the  most  accurate 
methods,  I  am  certain  that  the  restilts  are  obtained  in  the  most  accurate 
manner  possil)le  under  the  circumstances. 

The  selection  of  the  areas  for  the  calculation  was  made  entirely  with 
a  view  of  covering,  as  nearly  si-s  possible,  the  discharge  of  the  river 
%  olume,  and  not  in  any  case  with  a  view,  as  Major  Howell  intimates,  of 
including  ai'eas  over  which  there  had  been  a  deeijcning. 

The  int^n-estiug  description  and  analysis  of  Major  Howell,  illustrating 
his  theory  of  mud  lumj)  formalijn,  is  instructive  on  that  pDint,  but  we 
fail  to  see  how  it  bears  on  the  subject  under  disciission,  fortlie  chart,  and 
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especially  the  two  models,  which  so  well  ilkistrata  this  subject,  show 
very  plainly  that  the  "mountains"  have  been  brought  low,  and  the 
valleys  made  deej)er  by  the  erosive  action  of  both  salt  and  fresh  water 
currents.  The  statement  made  in  my  paper,  that  all  this  has  been  done 
under  more  unfavorable  circumstances,  than  can  ever  occur  again,  is  not 
disproved,  and  the  acknowledgment  by  Major  Howell,  that  the  strong- 
fresh  water  volume  thrown  out  by  the  jetties  has  caused  a  deei^ening  by 
crevasse  (?)  action,  gives  us  reason  to  expect  that  the  same  causes  operat- 
ing in  the  future,  with  greater  force  and  under  more  favorable  circum- 
stances will  produce  still  greater  deepening,  and  that  the  reason  which 
existed  for  withdrawing  landward  the  ends  of  the  jetties,  will  continue 
to  exist  to  an  indefinite  time.  That  reason  was  not  the  subsidence  of  the 
ends  of  the  jetties,  but  because  it  was  entirely  unnecessary  to  build  the 
jetties  as  far  seaward  as  was  contemplated  originally. 

C.  Shalek  Smith. — The  gist  of  Major  Howell's  remarks  appears  to 
be  contained  in  the  three  difficulties  which  he  i^oints  out,  to  wit,  inse- 
cure foiTudations  for  future  extension  of  the  jetties,  shoaling  of  the 
body  of  the  pass,  and  the  upstream  growth  of  the  bar  at  the  head  of 
passes. 

Concerning  these  I  would  suggest  that  an  embankment  can  be  sup- 
ported on  any  deposit  of  the  Mississippi  river,  provided  it  is  given  a 
mattress  base  of  sufficient  width  ;  next,  that  by  a  proper  contraction  of 
the  other  two  passes  by  means  of  mattress  sills,  the  watsr  in  the  South 
Pass  can  be  made  to  move  at  a  speed  sufficient  to  prevent  shoaling,  and 
lastly,  that  a  modification  of  the  same  system  of  operation  may  be  used 
so  as  to  effectually  control  the  direction  and  shape  of  the  upstream  growth 
of  the  "Head  of  Passes"  bar.  f. 

J.  Foster  Flagg. — The  river  Magdalena,  in  South  America,  has  some 
interest  in  this  connection,  as  having  recently  engineered  for  itself  a 
channel  through  the  bar  at  its  mouth,  after  having  had  its  navigation  ob- 
structed thereby  for  centuries. 

This  river  flows  due  north  into  the  Carribbean  Sea,  and,  although 
draining  a  much  smaller  area,  it  resembles  the  Mississippi  very  much  in 
its  general  characteristics,  especially  for  the  last  five  or  six  hundred 
miles  of  its  course,  which  is  in  a  very  flat,  alluvial  region,  covered  with 
dense  tropical  forests  ;  its  water  is  heavily  charged  with  sediment,  and 
it  2Jresents  the  same  features  of  caving  banks,  ra^^idly  changing  channels, 
formation  of  cut-oflfs,  new  islands  magically  springing  up  in  its  mids*^, 
and  lar";e  district's  inundated  in  time  of  high  water. 
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The  town  of  Bananqnilla,  tlir  ]»riiicipal  ]>oit  of  the  conntrv,  is  lociited 
f>n  the  left  bank  of  the  river,  about  eij^ht  inih's  above  its  mouth.  Ac- 
<'or(linj^  to  ohl  Sj)anish  charts,  ami  even  aeeordiufj  to  quite  recent  ones, 
the  island  of  Gomez,  which  forms  the  right  bank  of  the  mouth  (Boca  de 
Ceni/.a;  had  a  toujjue  of  laud  (shown  in  acci)ui])anyin{jf  sketch)  three 
miles  in  leuf:;th,  runniufjt  in  a  westerly  direction  across  the  mouth,  and 
oovered  with  high  sand  hills  and  woods,  so  that  the  Carribbean  Sea  was 
entirely  shut  out  from  view  to  one  on  the  river  until  fairly  passing  out 
at  its  mouth.  The  water  was  very  shallow  over  the  bar,  and  no  sea- 
going vessel  thought  of  attemjiting  an  entrance. 

As  Carthagena  lost  its  commercial  importance  after  the  Sjianish  yoke 
was  thrown  oil',  Barnimjuilla,  from  being  a  mere  fishing  village  gradu- 
ally became  the  princijjal  port  of  export  and  import  of  the  commerce  of 
the  country,  the  great  internal  highway  for  whicli  is  the  Magdalena.  As 
ships  were  unable  to  ent(>r  the  river,  they  anchored  in  the  bay  of  Savan- 
illa.  which  then  had  from  five  to  seven  fathoms  of  water,  discharging  at 
till'  village  of  the  same  name  into  lighters,  which  transferred  the  cargo 
l>ythewayof  the  small  channel  (Cano),  on  the  south  side  of  the  Isla 
Verde,  to  Barrauquilla. 

Gradually  this  harbor  silted  up  -it  now  having  not  over  ten  feet  of 
water— the  Cano  also  became  iinnavigable,  and  vessels  Avere  compelled 
to  lie  some  distance  off  from  Selgar,  to  and  from  which  all  merchandise 
was  lightered,  and  conveyed  over  a  railroad  Iniilt  from  thence  to  Barran- 
qnilla  by  a  German  comi^any.  At  the  same  time  the  channel  on  the 
easterly  side  of  the  island  of  Gomez,  througli  which  communicatioa  is 
had  with  the  port  of  Santa  ^Nlarta  on  the  Caribbean  Sea  to  the  eastward, 
was  becoming  shallower,  and  the  tongue  of  land  was,  unnoticed,  melting 
away. 

Now,  tliis  tongue  has  entirely  disai)i)aared  (see  dotted  line  on  map), 
the  river  is  straight,  and  a  clear  view  of  the  sea  can  be  had  from  the 
river  for  several  miles  above  its  mouth.  This  tongue,  reinforced,  doubt- 
less, by  the  sediment  of  the  river,  has  ajiparently  been  carried  by  pre- 
vailing currents  around  the  Lsle  Verde,  tilling  up  the  bay  of  Sa van  ilia, 
and  the  increased  force  of  the  river  current  has  cut  for  itself  a  good 
navigable  channel  through  the  bar  to  the  deep  water  outside. 

Some  eight  or  ten  years  ago  a  sailing  vessel  of  small  tonnage  was 
driven  into  tha  moiith  by  stress  of  weather  and  anchored  ofl' Barran- 
juilla.  much  to  the  astonishment  of  the  inhabitants.      In  March,  1873, 
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the  notorious  steamer  Virginius  (shortly  after  captured,  under  United 
States  colors,  by  the  Spaniards,  and  taken  into  Cuba)  was  lying  at  Gel- 
gar;  it  suffering  from  oxidation  of  the  hull,  Captain  Williams  obtained 
permission  of  the  Colombian  Government  to  take  her  through  the 
mouth  of  the  Magdalena  into  fresh  water.  He  was  accompanied  by 
Capt.  Jaime  de  Pocaterra,  both  in  entering  and  in  returning  some  two 
months  later.  The  Virginius  only  drew  about  eight  feet  of  water,  but 
according  to  Pocaterra,  they  found,  by  sounding,  a  minimum  depth  of 
four  fathoms,  and  a  width  of  channel  through  the  bar  of  some  350  feet. 
Above  the  bar  the  river  has  a  de^jth  of  nine  or  ten  fathoms. 

Recently,  I  s'ee  by  the  daily  papers,  the  steamers  of  the  Atlas  line, 
drawing  about  18  feet,  have  entered  the  river  and  discharged  their  freight 
close  to  Barranquilla,  thus  i^roving,  practically,  the  practicability  of  the 
channel  for  vessels  of  largo  draft. 
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Addition  to  Paper  No.  CLX, 

The  author  desires  to  add  to  Paper  No.  CLX:  "On  the  Cause  of 
the  Maximum  Velocity  of  Water  flowing  in  open  channels  being  below 
the  surface,"  by  James  B.  Francis,  published  in  Transactions,  Vol.  VII., 
May,  1878,  the  following  sentence  : 

Currents  of  w-ater  have  the  power  of  carrying  in  suspension  earthy 
matters,  which,  if  the  water  was  at  rest,  would  sink  to  the  bottom  ;  the 
amount  which  can  thus  be  carried  bearing  some  relation  to  the  velocity. 
From  the  observations  and  experiments  m  this  paper,  it  would  appear 
that  this  power  is  due  to  the  constant  movement  of  water  from  the  bot- 
tom towards  the  surface. 
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.^orK. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  ojjinions  advanced  in 
any  of  its  publications. 


CLXIII. 

(Vol.    VII.— July,  1878.) 


ON  A  .NEWLY  DISCOVEllED  RELATION  BETWEEN  THE  TENACITY 
OF  METALS  AND  THEIR  RESISTANCE  TO  TORSION. 


By  Robert  H.  Thurston,  Member  of  the  Society. 


Re.\d  at  the  Tenth  Axxr.vL  Convention,  June,  IHth,  1878. 


The  determiuatiou  of  the  nature  of  the  relation  which  exists  between 
the  resistances  of  the  metals  to  torsion  and  to  tension,  is  a  matter  of  both 
interest  and  importance  to  the  engineer,  and  has  also  great  importance 
as  beaiing  upon  the  theory  of  the  resistance  of  materials.  It  has  ahvays 
been  a.ssumod  by  the  engineer  and  the  physicist  that  there  exists  a  con- 
stant relation  between  these  two  forms  of  molecular  resistance,  and  that 
the  resistance  of  a  homogeneous  material  to  rupture  or  to  distortion  by 
tension  could  be  predicated  upon  the  results  of  experiments  determin- 
ing its  resistance  to  torsion,  and  that  the  modulus,  or  measure,  of  the 
latter  could  be  derived  from  that  obtained  for  the  former  by  multiplying 
by  a  constant  co-efficient,  which  has  a  certain  value  ascertainable  by 
•experiment  for  every  case, 
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Were  the  generally  accepted  theory  of  torsion  correct,  which  assumes 
that  form  of  resistance  to  distortion  to  be  a  case  of  shearing,  the  above 
assumption  would  hold,  and  the  use  of  a  constant  factor  would  be  per- 
missible, and  would  afiford  perfectly  accurate  results.  This  theory 
makes  the  resistance  to  torsion  to  vary  directly  as  the  distance  of  any  given 
line  of  particles  from  the  axis,  and  as  the  angle  of  torsion,  and  makes 
the  molecular  resistance  to  disturbance  to  be  equal  to  that  due  to  molec- 
ular change  j^roduced  by  tension.  A  study  of  the  strain-diagrams 
obtained  by  torsional  tests  shows  that  the  assumption  of  resistance  vary- 
ing directly  as  the  angle  is  correct  up  to  the  limit  of  elasticity.  Were 
the  theory  correct  throughout  the  whole  progress  of  the  distortion,  the 
equation  given  by  the  text-book  would  be  the  equation  of  the  curve  of 
the  autographic  strain-diagram.*  This  is  not  the  case,  however,  as  can 
as  can  readily  be  shown  by  plotting  the  equation  and  comi^aring  with 
the  strain-diagram  of  any  given  material. f  The  equation  represents  the 
strain-diagram  of  no  material  known  in  the  arts  where  the  curre  passes 
the  limit  of  elasticity. 

The  discussion  of  the  real  form  of  the  true  equation  of  resistance  by 
torsion  must  be  reserved  for  another  paper. 

The  writer  has  found,  however,  that  the  relation  here  referred  to  is  a 
very  simple,  as  well  as  a  constant  one,  and  has  empirically  determined  its 
character. 

It  has  been  customary  to  determine  from  autographic  strain-diagrams 
of  the  metals  produced  by  the  torsion  machine  ai:)i)roximate  values  for 
tension  by  simply  assuming  the  vertical  scale  of  the  diagram  jaroduced 
by  test-pieces  of  standard  form  and  size  to  have  a  value  of  25  000 
pounds  per  square  inch  for  each  vertical  inch,  representing,  as  is  usual, 
100  foot-pounds  of  resistance  to  torsion.  The  ratio  of  250  to  one  was 
originally  determined  empirically  by  exiseriments  upon  wrought-iron, 
and  was  found,  as  usually  apjoUed,  to  be  quite  correct.  More  recent 
comparisons  with  cast-iron  jjroved  the  ratio  for  that  metal  to  be  less  ; 
but  this  was  at  first  attributed  to  the  almost  absolute  impossibility  of 
securing  a  perfectly  fair  pull  in  testing  in  the  common  testing-machine, 
as  well  as  to  the  theoretical  difference  between  the  brittle  and  the  ductile 
material.  It  was  not  then  suspected  that  the  universally  accepted  rela- 
tion of  the  two  forms  of  resistance  was  incorrect. 

*  See  "Resistance  of  Materials."    By  De  Volson  Wood,  N.  Y.    1875.    P.  208. 
+  See  'Wood's  Kesistance  of  Materials,  p.  263,  and  Frontispiece. 
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Still  liitor  I'xperiinonts,  nimlf  \ty  \H\  PudK'V,  with  the  antographia 
niaohiuo  (if  the  Pennsylvania  Railroad  Company,  at  Altoona,  and  com- 
l)arisons  with  direct  experiments  in  tension,  indicated  a  scale  ditTering 
about  tivo  jier  cent,  from  that  which  the  writer  had  been  accustomed  to 
use.  The  metals  experimented  with  were  all  "mild"  steels,  such  as  are 
us(>d  ill  the  manufiicturo  of  rails.  The  wi-iter  had  still  further  observed 
that  th(^  metals  which  were  marked  by  an  extraordinary  ductility 
exhibited  an  apparent  excess  of  strength  wlieu  tested  by  torsion.  These 
diflferences,  except  in  the  case  of  non-ductile  materials,  as  cast-iron,  were 
not  sufficiently  marked,  so  far  as  the  comparisons  thus  made  went,  to 
seriously  atVect  the  value  of  determinations  which  were  obtained  on  the 
assumption  first  made.  They  finally  became  sufficiently  obvious,  how- 
ever, to  lead  the  writer  to  make  the  attempt  to  determine  by  direct  com- 
parison the  true  relation  existing  between  the  two  kinds  of  resistance  to 
distortion. 

In  order  to  secure  the  widest  possible  range  of  comj^arison,  it  was 
concluded  to  examine  this  relation,  and  to  determine  the  value  of  the 
ratio  of  the  scales  for  tension  and  for  torsion  for  the  widest  range  of 
grade  of  steel  that  could  be  found  upon  the  records  of  the  Mechanical 
Laboratoi-y  of  the  Stevens  Institute  of  Technology.  The  records  of  test 
in  lioth  tension  and  torsion  were  obtained  for  a  very  large  number  of 
steels  of  all  gi'ades,  from  high  tool  steels  containing  one  per  cent,  of 
carbon  and  upwards,  to  the  softest  "  homogeneous"  metals,  in  which  the 
l^ercentage  of  cai-bon  fell  to  one-fourth  or  less.  The  values  of  the  re- 
quired i-atios  were  determined  within  this  range  for  about  thirty  steels 
by  Mr.  W.  E.  Baird.  As  the  writer  had  been  led  to  suspect  that  the 
value  was  variable,  and  that  it  was  some  constant  function  of  the  total 
angle  of  torsion,*  the  values  obtained  were  laid  down  on  a  sheet  of 
profile  paper,  on  which  the  ordinates  represented  the  numerical  value  of 
the  ratio  obtained  by  the  di>-i.sion  of  the  tensile  resistance  in  pounds 
per  s(|uare  inch  of  original  section  to  the  resistance  of  the  standard  test- 
piece  in  foot-pounds  of  torsional  moment,  while  the  abscissas  were  pro- 
portional to  the  total  angle  of  toi'sion  at  the  moment  when  the  test-piece 
exhibited  the  maximum  resistance  as  measured  upon  the  autographic  strain- 
diagram.  The  accompanying  jilate  (XXII. )  is  a  copy  of  that  prepared  aa 
described.  It  is  seen  that  the  values  thus  recorded  have  a  regularity 
which  is  probably  quite  as  great  as  should  be  expected  when  the  irregu- 

*  See  Wood's  Reaistance  of  Materials,  p.  204. 
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larity  of  structure  of  samples,  due  to  causes  apart  from  their  composition, 
is  considered.  No  pair  of  samples  compared  ai'e  ever  of  precisely  the 
same  character,  either  physically  or  chemically,  and  the  ratio  for  samples 
cut  from  the  same  bar  -will  therefore  sometimes  exhibit  some  variation. 

Drawing  a  mean  line  through  the  grouj)  of  determinations,  it  was 
found  that  it  was  approximately  straight,  A  B,  although  probably  really 
a  parabola,  C  IJ,  having  one  of  its  asymptotes  not  far  from  the  height 
200,  but  somewhat  below  .it. 

No  determinations  have  yet  been  made  for  materials  having  maximum 
resistance  at  angles ^f  torsion  exceeding  300  degrees,  and  the  law  cannot 
therefore  be  traced  beyond  that  point.  As  all  the  materials  in  general 
use  in  engineering  attain  a  maximum  within  that  limit,  the  law  deter- 
mined here  is  sufficient  for  all  practical,  if  not  also  for  all  scientific  pur- 
poses. Since  the  ratio  varies,  as  is  seen  in  the  figure,  inversely  as  the 
angle  of  torsion,  it  follows  that  so  long  as  the  molecular  resistance  to 
distorsion  remains  constant,  the  ordinate  of  the  strain-diagram  must 
diminish  with  increase  of  the  angle  of  torsion.  Uniform  molecular 
resistance  would  thus  be  exhibited  by  a  gradually  falling  line. 

The  equation  for  the  ratio  here  studied,  as  determined  from  Mr. 
Baird's  comparisons,  is  :  i?  =  300  —  f,  and  T=  T^  (300  —  f )  ;  in 
which  R  represents  the  ratio  and  Tand  T\  respectiA^ely,  are  the  tenacity 
in  pounds  per  square  inch,  and  the  torsional  resistance  of  the  standard 
test-piece*  in  foot-jDounds  of  moment,  and  &  the  angle  of  torsion  for  max- 
imum ordinate.  This  gives,  for  the  standard  diagram,  a  vertical  scale, 
per  inch  of  height,  of  (30000  —  33-33  0)  =T. 

At  the  angle  150  deg.,  the  scale,  25,000  pounds,  is  closely  accurate.  For 
nice  determinations  it  is  better  to  take  a  value  two  per  cent,  lower — 
24, 500.  It  thus  happens  that  determinations  hitherto  made  on  wrought- 
iron  have  been  fairly,  as  they  are  now  perfectly,  comparable  with  those 
made  by  the  old  method. 

It  singularly  happens  that  the  commonly  accepted  theory  jDredicts 
values  of  this  relation  which  are  not  only  incorrect  but  which  are,  for 
different  cases,  precisely  the  opposite  in  their  mutual  relations  to  those 
here  given  by  experiment. 

The  value  predicted  by  common  theory  is,  for  brittle  substances,  250, 
and  for  ductile  materials  188,  the  non-ductile  substances  giving  the  higher 

*  The  standard  test-piece  for  the  autographic  machine  is  0.625  inch  in  diameter,  and  1 
inch  long. 
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vahio.  Bnt  \sc  liavc  now  U'imiumI  that  tln>  latter  class  (if  mati'rials,  as 
represonted  bv  <*ast-ir()u  give  a  value  whieh  is  nearly,  but  perhaps 
slightly  liigher  than  that  theoretieally  obtained  for  dnctile  metals  :  while 
the  iluetilo  elass,  as  represented  by  the  steels,  give  a  value  which  is  varia- 
ble, but  wliioh,  at  the  low  angles  of  torsion  at  which  they  are  compai-able 
with  the  brittle  metals,  somewhat  exceeds  the  values  theoretieally  given 
for  the  latter,  thus  inverting  the  relation  of  these  values  as  predict^^d  by 
accepted  theorv. 

The  autographic  strain-diagrams  of  which  copies  have  been  given  in 
earlier  papers  by  the  \vriter,  have  usually  had  a  vertical  scale  of  100  foot- 
pounds to  the  inch  of  ordinate.  This  is  the  scale  now  always  adopted. 
For  such  diagrams,  therefore,  the  vertical  scale  for  tension  will  be, 
npin-oxiraately  : 

For  cast-iron 20,000  pounds  per  inch. 

For  wrought-iron 25,000         "  "         at  150  deg. 

For  steels  (rail) 25,000 

"       "      (tool) 28,000         "  "  00 

For  other  angles,  the  scale  may  be  calculated  as  above  where  great 
nicety  is  demanded.  Wh  re  the  maximum  ordinate  remains  constant  in 
value,  the  upper  part  of  the  diagram  becoming  a  horizontal  line,  the 
angle  taken  for  meisiiremeut  should  evidently  be  that  at  which  the 
ordinate  first  attains  its  maximum  value. 

The  facts  here  detailed  are,  perhaps,  insufficient  to  determine  whether 
the  .singular  and  unanticipated  relation  revealed  by  them  is  due  to  some 
peculiarity  in  the  method  of  action  of  torsional  strain,  or  to  the  possible 
fact  that  those  molecular  modifications  of  cohesive  force  which  produce 
a  variation  in  the  value  of  resistance  to  tensile  stress,  may  produce  varia- 
tion in  resistance  to  torsional  stress  in  a  different  ratio.  The  indications 
seem  to  the  writer  to  point  toward  the  latter  conclusion,  and  experiments 
upon  the  several  grades  of  steel  with  a  view  to  determining  the  effect  of 
various  chemical  elonienta  upon  their  strength  and  ductility,  afford  some 
gi'ound  for  a  similar  deduction.  Until  this  (piestion  is  fully  decided,  the 
relation  here  revealed  cannot  be  made  a  biusis  for  a  new  and  correct  mathe- 
matical theory  of  torsion.  It  is  hoped  that,  ere  long,  however,  the  needed 
facts  may  be  sui)plif<l  and  that  theory  estal)lishcd. 
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OBSERVATION'S  ON  THE  STRESSES  DEVELOPED  IN  METAL- 
LIC BARS  BY  APPLIED  FORCES. 

By  Theodoee  Cooper,  C.  E.  ,  Member  of  the  Society. 
Eeacl  at  a  Meeting  of  the  Society,  July  17th,  1878. 


"While  testing  some  steel  links  at  the  Keystone  Bridge  "Works  on 
June  26th,  the  writer  accidentally  noticed  upon  the  link  heads  peculiar 
markings  due  to  the  cracking  of  the  scale  while  under  the  test.  A  close 
examination  of  the  lines  convinced  him  that  they  were  indications  of 
the  mode  of  transfer  of  the  stresses  about  the  pin-hole  and  throughout 
the  head  of  the  bars. 

Careful  sketches  were  made  of  all  the  lines  upon  the  several  sides  of 
the  heads. 

Believing  that  the  observations  were  entirely  new  and  worthy  of 
careful  examination  and  study  by  those  interested  in  physical  phenom- 
ena, the  writer  has  recorded  all  the  data,  and  now  desires  to  report  the 
same. 
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1 1.  The  links  tosted  at  this  time  wtMc  two  in  iminhor.  The  material 
was  steel,  of  the  kind  known  as  Hay's  steel  ;  havinj^  been  made  by  a 
apeciid  iirocess  nt  the  Edgar  Thom2)son  Steel  Works  as  an  experiment. 
By  analysis  of  borings  taken  from  the  links,  the  carbon  is  0.33^^. 

The  links  were  forged  from  solid  billets  by  Messrs.  Hussey,  Howe 
&  Co. ,  and  sent  to  the  aV)ove  works  for  testing.  The  links  were  neither 
welded  nor  np.set. 

Test  of  No.  1  Link. — Section  of  body  of  bar,  3"x]".l.  Section  of 
heads  7}"Xl".2.     Shape  of  heads  as  shown  upon  drawings. 

Length  from  centre  to  centre  oi  pin-holes,  2'  9" — diameter  of  pin- 
lioles,  3" — diflferenee  between  pin  and  pin-hole,  3^2". 

This  bar  was  nnaniiealed,  being  left  to  cool  in  same  condition  as  when 
last  worked  under  the  hammer.  Vy)  to  -iO.OOO  pounds  per  d"  no  perma- 
nent set  was  visible.  At  i3  350  pounds  per  a  ",  the  .scale  commenced  to 
fall  oft'  from  the  body  of  the  bar.  At  64  000  pounds  per  c  "  (on  body 
of  bar)  a  bolt  in  the  testing  machine  broke  and  the  bar  w-as  removed. 
This  accident  brought  to  view  the  scale  markings  before  mentioned. 

Figs.  1  and  2  show  the  lines  visible  at  this  time  upon  the  opposite 
sides  of  the  head  called  -.4  (for  distinction)  ;  Figs.  3  and  4,  those  for 
head  B.  The  pin-holes  had  elongated  /^  of  an  inch  ;  the  bar  5  per 
<rent. 

After  recording  the  lines  and  other  data,  the  bar  was  again  placed  in 
the  machine  and  broken.  It  cracked  outwards  from  the  pin-hole  in  head 
IJ  at  a  strain  in  body  of  the  bar  of  71  700  jiounds  i)er  - ",  showing  a 
hard  bright  fracture. 

From  the  ai^i^earance  of  the  scale  on  this  head  and  the  fracture,  the 
bar  at  this  end  had  been  overheated.  The  breaking  through  the  pin-hole 
■was,  however,  partly  due  to  the  distortion  of  the  pin-hole  under  first 
strain  and  a  want  of  care  in  securing  a  careful  bearing  ui)on  the  inn 
when  replaced. 

Figs,  o  and  0  show  the  lines  visible  upon  head  A  after  rupture  of  the 
bar.  But  few  lines  were  visible  u^ion  head  B,  and  these  very  imperfectly 
marked.  The  scale  upon  this  head  was  coarse  and  uneven,  and  ajjpears 
unsuitable  for  recording  these  lines. 

Test  of  No.  2  Link. — This  was  a  duplicate  of  No.  1,  being  of  same 
■dimensions  and  material,  diflfering  only  in  having  been  annealed  by 
heating  evenly  to  a  red  heat  and  then  allowed  to  cool  uniformly  in  the 
open  air.     No  permanent  set  visible  at  40  000  pounds  per  z.  ".  After  the 
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discovery  of  the  Hues  upon  No.  1  link,  greater  care  was  taken  to  observe 
the  first  appearance  of  them  upon  this  second  link.  The  result  was 
exceedingly  satisfactory  and  interesting,  and  the  writer  believes  the  key 
by  Avhich  to  interpret  these  lines  was  discovered. 

The  scale  commenced  falling  at  45  700  pounds  per  n  ".  At  47  000 
pounds  per  d  "  distinct  lines  appeared  upon  a  portion  of  the  body  of  the 
bar.  The  strain  was  relaxed  and  the  bar  carefully  examined.  For  about 
two  inches  the  bar  was  distinctly  marked  with  diagonal  cross  lines  at 
45°  (as  well  as  could  be  estimated  by  the  eye)  to  the  line  of  the  bar. 
These  markings  were  visible  upon  all  four  sides  of  the  bar  ;  the  number 
of  the  lines  being  about  5  to  the  inch  measured  perpendicularly  to  the 
lines. 

Fig.  7  represents  the  condition  of  the  lines  at  this  time. 

On  applying  an  increased  strain,  new  lines  appeared  to  the  right  and 
left  of  those  which  first  aj^peared.  As  the  new  lines  appeared,  the  old 
ones  disappeared  by  the  subdivision  and  disappearance  of  the  scale. 

The  first  appearance  of  the  lines  upon  the  heads  of  the  link  could 
not  be  observed  from  their  position  in  the  machine. 

At  72  000  pounds  per  a "  the  bar  broke  in  the  body  at  the  point 
where  the  cross  lines  first  appeared. 

Stretch  of  bar  =13  per  cent. 

Reduced  section  at  points  of  rixpture  =  2|"x  M"  =  33  per  cent.  Upon 
both  heads  of  this  link,  lines  almost  identical  with  those  of  Figs.  5  and 
6,  were  visible,  but  not  so  distinctly  marked. 

I  2.  On  considering  these  lines,  the  writer  recalled  to  mind,  having 
seen  at  a  previous  time  eccentric  lines  about  holes  punched  in  steel 
plates,  which  he  at  that  time  thought  were  due  to  vibrations  of  the  plate 
from  the  effects  of  the  blow  of  the  piTuch.  These  he  has  siiice  re-ob- 
tained, and  gives  a  representation  of  one  in  Fig.  8. 

He  has  made,  since  the  first  discovery  of  those  scale  markings,  many 
experiments  upon  specimens  of  steel  and  iron  in  order  to  investigate 
them.  In  iron  he  has  not  siicceeded  very  well  as  the  scale  appears 
unsuitable.  Various  resinous  coatings  have  been  tried,  but  with  only 
partial  success.  Upon  one  iron  link  (full  sized  bridge  link,  5"  X  1")  he 
obtained  a  few  lines  at  the  four  diagonal  points  of  the  link-head,  corre- 
sponding exactly  to  those  shown  upon  the  steel  links.  This  is  his  only 
success  as  yet  upon  iron.  Upon  steel  specimens  he  has  obtained  quite  a 
number.     It  appears  to  require  a  scale  of  a  peculiar  character  ;  many 
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snmplt's  lailin^  cntinlv,  until  tlu' rijj^lit  sciiK' is  olitiiiiictl.     To  avoid  too 
many  illustriitions,  a  few  sixmple  sketches  are  given. 

Fig.  9  is  a  compilation  of  lines  obtained  npon  a  number  of  gi-ooved. 
specimens  of  the  form  shown.  Over  a  dozen  .s])ecinien3  have  been 
tested.  No  specimru  showi'd  all  of  these  lines,  but  each  one  showed  a 
portion.  By  combining  such  as  were  visible  on  the  ditl'erent  ones,  we 
have  obtained  Fig.  0.  Those  in  the  vicinity  of  the  groove  appear  first 
at  abont  -40  000  i)ounds  per  n"  on  the  grooved  section  ;  those  about  the 
pin-holes  only  at  or  near  the  rupturing  point,  which  was  usually  from 
89  000  to  9.")  000  pounds  per  a  "  on  gi'ooved  section. 

Figs.  10  and  11  show  a  sample  of  lines  produced  liy  the  shearing  of  a 
steel  plate  under  a  shear,  one  being  from  the  top  of  the  plate  and  the 
other  from  the  bottom. 

These  lines  are  less  definite  in  character  than  those  from  direct 
sti'ains,  undoubtedly  due  to  the  fact  that  the  strains  are  very  indefinite, 
being  partly  a  shearing  and  partly  a  bending  stress. 

g  3.  It  will  be  noticed  from  all  these  sketches  that  the  lines  aj^j^ear  in 
both  directions,  and  cross  one  another  at  right  angles.  They  are  also  at 
45-'  to  the  line  of  applied  stress  in  Figs.  7  and  8,  where  the  line  of  slress 
is  well  determined.  In  the  first  case,  being  parallel  to  the  direction  of 
the  l>ar,  and  in  the  second,  on  radial  lines. 

The  writer  thinks  that  it  is  also  true  that  the  direction  of  the  trans- 
ferred stresses  upon  the  link-heads  and  in  the  grooved  specimens  are  also 
at  45^2  to  the  markings.  His  reasons  for  so  thinking  will  be  expressed 
further  on.  as  ht»  desires  to  present  his  facts  independent  of  aU  theories,  ^ 
and  allow  readers  to  take  each,  independent  of  the  other,  if  they  so 
desire. 

?  4.  ]\r.  Tresca,  before  the  Science  Conference  at  South  Kensington 
Museum,  in  1870,  states  that  while  foi'ging,  on  a  large  scale,  some 
iridescent  platinum,  he  noticed  that  "when  the  bar  of  platinum,  at  the 
moment  of  forging,  ha<l  already  cooled  down  to  a  temperature  below 
that  of  red  heat,  it  has  happened  several  times,  that  the  blow  of  the 
stamp  hammer,  which  occasioned  at  the  same  moment,  in  this  bar,  both 
a  local  depression  and  a  lengthening,  heated  it  anew  along  two  inclined 
lines,  forming  upon  the  sides  of  the  piece  the  two  dingonals  of  the 
depres.sed  ])ortion,  and  this  reheating  was  so  great  that  the  metal  along 
these  two  lines  was  brought  back  to  a  red  hot  temperature  plainly 
enou<;h  for  its  form  to  be  distinguished.     These  lines  of  gi-eater  heat 
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even  remained  luminous  for  several  seconds,  and  presented  the  appear- 
ance of  the  two  jambs  of  the  letter  X.  In  some  cases  we  have  been  able 
to  count  simultaneously  as  many  as  six  of  these  X's  produced,  one  after 
another,  as  the  bar  under  operation  was  being  moved,  in  order  to  draw 
it  out  by  degrees  for  a  certain  part  of  its  length," 

•'The  explanation  of  these  himinous  lines  could  not  for  an  instant 
be  doubtful  :  the  lines  of  greater  slip  were,  at]  the  same  time,  the  zones 
of  greater  develojjed  heat."  "If  this  fact  had  never  been  observed 
before,  it  was  clearly  owing  to  the  circumstances  necessary  for  its  mani- 
festation never  having  been  all  united  together  in  so  favorable  a  manner. 
Iridescent  jilatinum  requires  for  its  deformation  a  large  amount  of  work. 
Its  surface  is  unalterable  and  almost  translucent  at  a  red  heat ;  it  is  a 
medium  conductor  of  heat :  its  calorific  cajsacity  very  feeble  ;  all  con- 
ditions rendering  the  phenomenon  visible  in  the  case  of  forging  platinum, 
while  it  has  passed  unnoticed  in  other  metals." 

M.  Tresca  afterwards  was  able  to  obtain  similar  results  on  other 
metals  l^y  coating  the  sides  with  wax,  which  was  melted  along  these  lines 
of  slipping,  when  the  bars  were  subjected  to  the  blows___of  a  hammer. 
It  will  be  readily  seen  from  this  descri^jtion  that  the  lines  thus  obtained 
are  perfectly  similar  in  appearance  to  those  shown  upon  Fig.  7. 

^  5.  When  a  short  prism  of  any  material  is  subjected  to  a  compressive 
force  it  decreases  in  length  and  increases  in  cross  section  until  the  strain 
is  sufficient  to  produce  rupture.  In  this  change  of  form  the  ujjper  and 
lower  surfaces  sustain  but  very  slight  enlargement,  because  they  are  j^re- 
vented  from  spreading  by  reason  of  the  friction  at  these  bearing  surfaces. 
'Towards  the  middle  of  the  prism  the  enlargement  increases  in  sucli  a 
manner  as  to  produce  a  curved  profile.  If  the  jjrism  be  circular  in  cross 
section  before  being  compressed,  the  cross  sections  will  all  continue 
-circles,  but  of  varying  diameters  as  we  approach  the  middle.  If  the 
■original  cross  section  be  a  square,  the  cross  sections,  after  compression, 
■will  cease  to  be  squares,  and  will  become  quadrilaterals  with  convexly 
■curved  sides.  When  the  exijeriment  is  carried  to  the  rupturing  jjoint, 
the  prism  is  rujitured  in  one  of  two  ways,  either  by  a  sliding  of  a  por- 
tion of  the  prism  along  one  or  more  oblique  sitrfaces — a  very  common 
method  in  specimens  of  the  metals,  wood  and  stone — or  by  the  prism 
splitting  longitiidinally  into  two  or  more  pieces. 

I  6.  Wlien  a  jirismatic  body  is  subjected  to  a  tensile  force,  it  increases  in 
length  and  diminishes  in  cross  section  up  to  the  time  of  rupture.     If  the 
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body  be  porftctly  liomogeneoiis,  the  cross  sections  diminish  from  each 
end  towiinls  the  middlo,  giving  the  body,  longitudinally,  a  curved  profile. 
If  the  original  cross  section  be  circular,  all  the  cross  sections  will  con* 
tinue  to  be  approximately  circles.  If  the  cross  section  was  originally 
square,  the  cross  s«>ctions  will  no  longer  be  squares,  but  quadrilaterals, 
with  concavely  curved  sides. 

Upon  rupture,  the  fracture  will  tend  towards  one  of  two  forms,  either 
square  across  the  line  of  applied  stress,  or  at  an  angle  approximating  to 
45°  to  the  line  of  applied  stress.  The  latter  is  a  very  common  case  in 
steel  specimens ;  almost  perfect  pyramids  or  cones  being  obtained  at 
times.  Even  those  specimens  of  st^el  which  appear  to  break  of  squarely, 
show  upon  the  edges  the  tendency  to  the  angular  fracture. 

Genet-al  JJiscussion. — From  such  observations  as  are  given  in  the  two 
preceding  paragi-aphs,  and  from  the  famiUar  processes  of  dz'awing  out  of 
metiils  by  blows  of  a  hammer  or  the  pressure  of  rolls,  we  see  that  the 
application  of  a  force  to  a  material  body  iDroduces  within  the  mass  a 
motion,  or  tendency  to  motion,  not  only  in  the  direction  of  the  api)lied 
force,  but  one  also  at  right  angles  to  this  direction. 

This  must  necessarily  be  so  if  we  assume  the  volume  to  be  unchange- 
able.    An  assumption  always  made  in  hj'drostatics. 

Usually  it  is  considered  that  water  is  incomijressible,  but  that  the 
metals  are  compressible  and  extensible.  This  we  believe  to  be  a  false 
distinction.  They  are  all  governed  by  the  same  general  law — incom- 
pressible and  inextensilde — if  by  this  we  mean,  as  is  considered  in 
liydrostaties,  that  the  volume  or  specific  gravity  is  unchangeable  for 
applied  forces  within  the  sensiVde  limits. 

This  fact  does  not  seem  to  have  been  general!}'  recognized.  The  inter" 
■eating  results  obtained  by  M.  Tresca  upon  the  flow  of  solids  have  now 
made  clear  the  fact  that  the  same  laws  govern  the  flow  of  solid  bodies  as 
the  flow  of  liquids,  the  difference  being  one  of  degi-ee  only,  due  to  the 
difference  in  the  mi>h'cular  forces  to  be  overcome.  Eankine  defines  "  solids 
as  bodies  which  tend  to  i)reserve  a  definite  s/^e  and  s/zayx;."  "Licjuids 
those  which  tend  to  preserve  a  definite  size  only." 

K  perfect  liquid,  then,  cannot  be  subjected  to  a  tensile  force  on  account 
of  the  want  of  molecular  I'esistance  to  a  change  of  form.  It  can  only 
be  subjected  to  a  compressive  force  by  resisting  its  change  of  form  ;  for 
which  jjurpo.se  an  equal  resisting  force  must  l)e  a})plied  in  all  directions; 
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■whence  follows  the  well  known  hydrostatic  law  of  equal  pressures  in  all" 
directions. 

Accepting  the  aliove  definition  of  a  solid,  a  perfect  solid  should  be  a 
body  totally  unchangeable  in  size  or  shape  under  any  applied  force. 
"We  know  no  such  material.  All  known  solids  do  change  form  under 
the  smallest  applied  force,  our  ability  to  determine  the  same  being  only 
limited  by  the  delicacy  of  our  instruments  of  measurement. 
I  7.  Any  solid  molecule,  n  h  c  d,  subject-  T 

ed  to  a  tensile'  stress,    P  P,  elongates  in  >^^'6~~~V\ 

the  direction  of  the  tensile  force  and  con-  /  \ 

tracts  in  the  directions   at  right  angles  to    "q~~* 
the   same,    iintil  the  molecule  assumes  an 
oblong  form,  in  which  the  applied  forces 
and  the  molecular  resistances  are  in  equi-  ip 

librium.  Motion  has  taken  place  among  the  atoms  in  three  directions — 
an  extension  along  the  line  of  the  applied  forces  and  a  compression  in 
two  directions  at  right  angles  to  these  aj) plied  forces  (one  being  perpen- 
dicular to  the  plane  of  the  paper  in  above  figure). 

We  can  represent  all  the  forces  In-onght  into  action  by  three  balanced 
resultant  forces,  PP,  QQ  and   RR,  at  right  angles  to  each  other. 

Similarly,  for  a  compressive  strain,  we  caii  consider  QQ  a.^  the 
applied  forces  and  PP  and  RR  as  the  developed  forces.  To  avoid  fill- 
ing this  paper  wit'i  mathematical  demonstrations,  the  results  of  such 
investigations  will  be  abbreviated  from  Eankine's  Applied  Mechanics, 
(referring  tho.se  who  desire  to  investigate  the  subject  to  Articles  111  and 
112). 

"A  jDull  and  a  thrust  of  equal  intensity  on  a  pair  of  planes  at  right 
angles  to  each  other  are  equivalent  to  a  pair  of  shearing  stresses  of  the 
same  intensity  on  a  pair  of  planes  at  right  angles  to  each  othe.',  and 
making  angles  of  -15-  with  the  flrst  pair. " 

If  the  pull  and  thrust  be  of  unequal  intensities,  as  is  probably  the 
case  in  most  solids,  the  planes  on  which  the  shear  is  most  intense,  will 
still  be  the  planes  which  make  angles  of  45^  ,  with  the  axes  of  stress. 
The  intensity,  however,  Avill  nov/  be  an  arithmetical  mean  between  the 
numerical  values  of  the  principal  stresses,  or,  in  other  words,  one-half 
the  algebraic  difference  of  the  stresses  (giving  opposite  signs  to  stresses  of 
opi^osite  characters). 
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If  r  Ll'   the    inleiisil'/  of   tlit-  pull, 

aiul  Q  the  intensHi/  of  the  thrust,  the 

greatest  shear  will  be  upon  the  planes 

AD  anil  IIC,  and  its  inteitsiti/  will  be 

0-P 

'    J     (/'bi-iufj;  a  ni'f^ative  quantity). 

§  8.  The  lines  of  greatest  shear  or 
>//<//»(/ should  therefore  be  iilonglines 
at  45-""  to  the  line  of  applied  fore-,',  as 
it  is  in  Figs.  7  and  8. 

In  ease  of  rupture  by  eomin-ession,  this  does  not  always  hold  true. 
For  instance  in  cast-iron,  the  angle  iiceordiug  to  Mr.  Hodgkinson,  ranges 
from  42  to  32-  for  dift'ereut  qualities  of  east-iron.  Here,  however,  an 
additional  resistance,  not  molecular,  is  to  be  considered,  viz.,  the  fric- 
tional  resistance  to  sliding  upon  the  plane  of  rnpture,  due  to  the  normal 
presture  upon  this  plane. 

Other  causes,  such  as  want  of  homogeuity,  unequal  resistances  to 
stresses  of  opposite  kinds  or  to  the  same  kind  of  stress  in  different  direc- 
tions, or  slight  variations  from  our  assumption  of  invariability  of  volume 
may  cause  a  failure  of  the  theoretical  expectation. 

A  homogeneous  material,  such  as  the  several  kinds  of  steel,  upon 
which  these  tests  were  made,  should  under  a  tensile  strain  show  the  theo- 
retical lines  nearly  perfect. 

^.  9.    What  then  are  these  scale  marki»gs? 

If  the  preceding  reasoning  is  correct,  they  are  the  luies  of  greatest 
shear;  lines  along  which  the  metal  slides  to  restore  an  equilibrium  be- 
tween the  ai^iilied  and  resisting  forces  or  lines  of  floxc. 

By  a  consideration  of  this  tendency  to  flow  or  shear  along  diagonal 
lines,  we  can  imderstand  the  changes  produced  in  solid  bodies  by  the 
action  of  applied  forces  ;  whether  such  forces  be  ai)pUcd  by  means  of  a 
testing  machine,  hammers,  rolls  or  loadings  upon  oiir  built  structures. 

From  the  investigations  of  M.  Tresca,  we  arc  justified  in  classing  all 
tangible  bodies,  as  more  or  less  liable  to  flow — the  extremes  being  a  per- 
fect liquid  and  a  jierfect  solid. 

The  element,  time  must  be  considered;  for  under  a  rai)id  application 
of  force,  the  most  ductile  body  may  not  have  time  to  flow,  and  hence 
■woultl  relatively  be  le.ss  dxictile  than  under  a  less  rapid  strain. 
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The  form  of  rupture  may  also  be  explained  by  the  same  considera- 
tions. 

§  10.  The  influence  of  a  groove  in  a  soft  or  ductile  metal  has  been  noticed 
by  all  experimenters. 

The  breaking  strain  (measured  on  the  section  at  the  bottom  of  groove) 
being  always  higher  than  for  prismatic  specimens.  On  a  hard  non- 
ductile  metal,  there  is  no  such  increase. 

By  an  insi^ection  of  the  lines  on  Fig.  9,  we  see  why  this  should  be  ; 
the  shear  lines  or  Hues  along  which  the  metal  must  flow,  are  much  longer 
than  they  would  be  upon  a  prismatic  specimen  of  the  same  cross  section 
(see  Fig.  7).  A  non-ductile  metal,  having  no  tendency  to  flow,  would,  of 
coui'se,  not  receive  this  benefit. 

The  above  applies  only  to  statical  strains  or  such  as  are  usually  ap- 
plied in  our  testing  machines. 

In  practical  construction  we  seldom  have  purely  statical  strains  ;  the 
strains  are  usually  more  or  less  suddenly  applied. 

For  such  suddenly  applied  strains  the  gi'oove  is  an  injury  instead  of  a 
benefit ;  here,  from  the  want  of  time  for  the  principle  of  flow  to  come 
into  action,  the  strain  is  all  concentrated  upon  the  least  section  and  the 
ductility  of  the  whole  bar  lost. 

§  11.  If  these  principles  be  accepted  (the  writer  feels  that  the  data  are 
too  few  to  be  too  positive),  can  we  not  jAot  the  lines  of  transferred  stress 
from  these  markings  by  drawing  a  resultant  line  at  45'^  to  the  several  lines 
of  shear.  Then  to  obtain  a  proper  form,  or  a  form  of  equal  strength  at  all 
parts,  cannot  the  transverse  dimensions  be  so  taken  at  all  points  that  the 
shear  will  be  uniform  throughout. 

The  time  which  the  writer  is  able  to  devote  to  a  fuU  investigation  of 
this  subject,  being  very  limited,  owing  to  his  professional  duties;  and  his 
desire  to  interest  others  in  the  investigation  and  discussion  of  the  same 
must  be  his  apology  for  presenting  the  subject  in  so  crude  and  undigested 
a  form. 
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CUSHIONLXG    THE    UECIPROCATING    PARTS    OF    STEAM 

ENGINES. 


By  John  W.   Hill,  :\[.  E.,  Member  of  the  Society. 


This  topic  ha.s  ah-eady  passed  through  a  wide  range  of  discussion  by 
steam  engineers  and  steam  engine  builders,  and  any  effort  to  harmonize 
views  variously  entertained  would  probably  be  futile.  It  is,  however, 
only  of  late  years  that  the  matter  has  been  presented  as  a  problem, 
many  engineers  and  engine  builders  at  the  i^resent  time  ignoring  formuloa 
entirely,  and  resorting  to  the  direct  method  of  adjusting  the  cushion  by 
experiment,  that  is,  as  in  slide  valve  engines,  the  inside  (exhaust)  lap  and 
advance  of  eccentric  are  vai'ied  until  the  motion  of  the  engine  satisfies  the 
requirements  of  a  smooth  action.  In  setting  the  valves  of  engines  similar 
to  the  Corliss,  the  method  usually  employed  is  to  give  the  eccentric  such 
an  advance  as  will  i^roduce  the  desired  lead,  and  then  work  up  the  action 
of  the  exhaust  valves  by  the  wrist  plat«  rods  until  a  smooth  motion  of 
engine  is  obtained. 

Nearly  all  formuho  upon  the  subject  of  "  cushion"  presuppose  con- 
ditions Seldom  found  in  i^ractice,  thus  : 
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Absolute  tightness  of  piston  and  valves. 

Uniform  counter  i^ressure. 

Uniform  direct  pressure,  or  pressure  on  steam  side  of  piston  whilst 
-cushion  is  in  j)rocess. 

Uniformity  of  crank  motion. 

In  addition  to  above,  no  note  is  made  of  the  reduction  of  pressure 
in  unjacketed  cylinders  by  transfer  of  heat  to  the  walls  of  cylinder. 

All  formuhe,  so  far  as  the  writer  is  aware  (excepting  the  elaborate  de- 
monstration of  Charles  T.  Porter),  deal  with  the  motion  of  the  piston 
as  though  it  were  uniform  for  similar  positions  in  both  half  strokes. 
This,  however,  is  an  error,  as  the  angularity  of  connecting  rod  causes 
the  x^iston  to  approach  and  leave  the  inboard  centre  at  the  highest 
velocity. 

The  first  objection  noted  is  usually  true  of  all  new  engines,  and  prob- 
ably few,  if  any,  operating  engines  are  mathematically  tight  in  piston 
and  valve  joints.  If  leaks  exist,  however  trifling,  corrections  must  be 
made  in  the  adjustment  of  valve  motion  to  compensate  for  the  losses. 

The  lack  of  uniformity  in  counter  pressure,  even  under  the  most 
favorable  conditions,  i.  e.,  uniform  load  and  nearly  uniform  boiler 
pressure,  as  exhibited  in  the  trials  of  automatic  engines  at  the  Cincin- 
nati Industrial  Exposition  of  1875,  is  sufficient  proof  that  a  variable 
pressure  must  exist  in  the  cylinder,  when  the  load  on  the  engine  and 
pressure  in  the  boiler  are  constantly  fluctuating. 

The  lack  of  uniformity  in  pressure  on  steam  side  of  piston  at  time 
exhaust  closes  is  obvious,  as  the  slightest  variation  in  the  pressure  in  the 
chest,  or  load  on  the  engine,  affects  the  pressure  at  every  point  in  the 
stroke  of  piston. 

The  lack  of  uniformity  in  crank  motion  will  be  apparent  when  the 
action  of  regulator  is  considered.  So  long  as  the  angular  motion  of 
crank  is  uniform,  no  change  occurs  in  the  motion  of  regulator.  In  the 
operation  of  the  engine,  however,  at  every  half  revolution  of  the  crank 
the  regulator  revolves  at  several  different  speeds,  hence  uniformity  of 
angular  motion  of  crank  does  not  obtain. 

The  loss  of  pressure  by  transfer  of  heat  from  the  steam  confined  in 
front  of  the  piston  to  the  metal  of  the  cylinder  and  to  the  liquefaction  in 
the  cylinder  must  occur  when  the  temi^erature  of  the  steam  is  augmented 
above  the  temperature  of  the  metal  and  water. 

Professor  Bankine,  in  discussing  the  problem,  suggests:  "The  most 


18;-) 

ndvuntagt'ons  adjiistiiuMit  of  cusliion  takes  plac(>  wlu'H  tlie  (quantity  of 
steam  confiued  or  cushioiu'd  is  just  sufUciont  to  fill  the  clearance  at  the 
initial  pressure."* 

Mr.  F.  W.  Bacon  suggests:  "The  cu.sluou  should  vary  between 
oue-liidf  and  the  whole  initial  pressure,  according  to  the  speed  of  jjiston 
and  action  of  valves."!  What  the  maximum  cushion  pressure  has  to  do 
with  the  (iction  of  valves  is  not  clear.  Perhaps  the  author  means  the 
action  of  valves  determines  the  "gx'ado  "  of  cushion,  which  is  ti'ue. 

^Ir.  Charles  T.  Porter,  in  his  admirable  treatise  on  the  Richards' 
Indicator,  "  ])roposes  t<3  adjust  the  cushion  upon  the  weight  and  velocity 
of  reciprocating  joarts. " 

Quoting  from  the  printed  circular  of  a  celebrated  engine  company, 
the  Vniilders  say  :  "There  is  a  great  advantage  also  in  the  great  regu- 
larity of  speed  obtained  *  *  *  *  by  variable  cut-off  and  variable 
compression."  When  it  is  understood  that  a  variable  cut-oflf  controlled 
by  the  regulator  will  govern  the  speed  within  a  range  of  one-half  to  two 
per  cent.,  it  seems  singular  that  the  builders  would  resort  to  variable 
compression,  when  it  is  not  claimed  that  the  regulation  is  thei*el)y  im- 
proved. This  is  one  of  those  peculiar  cases,  however,  where  "  the  Avise 
man  makes  a  wtue  of  necessity."  The  valve  used  in  this  engine  is  a 
"balanced"  single  sHde,  the  automatic  regulator  being  attached  to  and 
revolving  with  the  engine  shaft,  and  the  regulation  is  effected  by 
advancing  or  retreating  the  eccentric  through  direct  connections.  TMiere 
variable  cut-off  is  obtained  by  a  single  slide  valve,  any  change  in  the  func- 
tion of  "  cut-off"  prod\ices  a  similar  change  in  all  the  other  functions, 
thus  an  early  "  cut-off"  is  accompanied  by  an  early  "  release,"  and  early 
"exhaust  closure"  with  augmented  "cushions,"  and  vice  versa.  In 
this  engine  the  peculiar  aiTangement  of  exjjausion  gear  is  such  as  to 
make  variable  "  compression  "  a  function  desii-able  or  not.  The  build- 
ers, therefore,  take  a  truly  philosojihical  view  of  the  situation,  and 
enlarge  on  variable  compression  as  a  point  of  excellence.  When  it  is 
considered  that  the  weight  of  reciprocating  parts  remains  the  same  at 
all  .speeds,  that  the  velocity  of  piston  is  not  ijcrmanently  affected  by 
changes  in  load  or  boiler  pressure,  that  the  direct  pressure  diminishes  as 
the  cut-off  is  hastened,  it  seems  at  lea.st  doubtful  practice  to  employ 
"cushion"  directly,  in  opposition  to  all  theoretical  deductions  upon 
the  subject. 

*  Uankine  on  the  Steam  Eni^ne,  page  420. 
t  Bacon's  TreatiBe  on  the  Indicator,  page  OC. 
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Tlie  following  investigatiou,  altliougli  preseuting  no  novel  feature,  may  : 
be  interesting  to  members  of  tlie  Society  liaving  to  deal  with  steam  engines-  • 
Tlie  writer  would  suggest  that  the  demonstration   "  with  no  cushion  " 
isi  entirely  practical,  as  he  has  proven  by  many  exiaeriments  that  engines 
may  be  so  operated  without  affecting  the  regularity  or  ease  of  action.  ■ 
In  such  cases  the  momentum  of  reciprocating  parts  is  balanced  by  lead 
alone. 

The  reduction  of  economy  by  no  "cushion,"  and  the  reduction  of 
capacity  by  "cushion  "  to  initial  jjressure  wiU  be  exhibited. 

Evidently,  with  no  cushion,  the  fiiU  capacity  of  cylinder  is  realized 
in  the  pow-er  developed,  whilst  a  loss  of  heat  occurs,  due  to  filling  the 
clearance  space  with  steam  at  initial  pressure,  the  clearance  being  pre- 
viously filled  with  steam  at  counter  pressure  ;  under  these  conditions, 
the  absolute  loss  is  the  difference  betw^een  the  heat  represented  by  the 
weight  of  steam  filling  clearance  at  counter  pressure,  and  the  same  term 

at  initial  pressure  ;  and  the  proportional  loss  w^ill  be  this  difference  di- 

n 

vided  bv  the  total  heat  expended  per  stroke  of  piston,  thus  — =  X, 

A-\-a 

when  A  =  heat  expended  in  producing  the  ptower  independent  of  heat 
lost,  and  a  =  the  heat  lost  by  reason  of  no  cushion.  The  cost  of  the 
power  will  be  rejaresented  by  the  total  heat  expended  per  stroke  of  pis- 
ton, divided  by  the  dynamic  effect  of  engine,  thus  — — -  =  Fwhen  JEr= 

the  work  done. 

If  the  exhaust  closure  is  early  enough  to  bring  the  pressure  of  the 

steam  confined  in  front  of  piston,  up  to  the  initial  pressure,  then  no  loss 

of  heat  will  take  place  •  in  filling  the  clearance  with  steam  at  initial 

pressure,  as  this  has  been  obtained  solely  by  compression.     But  the  ca. 

pacity  of  cylinder  has  been  rediiced  by  "cushion"  to  a  certain  extent. 

Theoretically  there  is  no  loss  of  power  by  this  process,  as  the  energj- 

absorbed  in  "  cushioning"  the  steam  is  given  up  again  when  the  piston 

begins  the  opposite  stroke. 

The  absolute  reduction  of  capacity  of  cylinder  is  represented  by  the 

power  expended  in  liroducing  the  cushion  ;  the  projoortioual  reduction 

will  be  represented  by  a  fraction  with  the  mean  pressure  of  cushion 

.  referred  to  total  stroke  for  the  numerator,  and  the  mean  pressure  for 

whole  stroke  estimated  from  base  lines  as  the  denominator  ;  let  p  rei^re- 

sent  the  mean  pressure  of  cushion  for  whole  stroke,  and  P  mean  pressui'e 

P 
for  whole  stroke,  estimated  from  base  lines,  thus  - -=  X^  where  X^  repre- 
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•seuts  the  per  cent,  loss  of  cylindor  capacity  by  full  cushion.  Let  W 
rcproseut  the  jjowcr  ilevelopeil,  ami  A '  the  heat  expeuded  in  iiroducing 
tlie  power  ;  then  the  cost  of  the  power  is  represented  by  the  fraction 

A^ 

—  =Y\  Assuming  useful  expense  of  heat  in  both  cases  to  bear  a  cer- 
tain ratio  to  tlie  power  doYeloi)ed,  which  is  probably  true  of  the  same 
engine,  oi>erated  under  like  condition  of  boiler  i)ressure  and  cut-ofif,  then 
Y  is  evidently  gi-eater  than  F',  hence  the  cost  of  the  power  is  least 
with  full  cushion.  Again,  as  the  dynamic  effect  of  piston,  with  no  cush- 
ion is  based  upon  the  mean  pressure  estimated  from  base  lines,  and  the 
dynamic  eft'ect  with  full  cushion  is  based  upon  the  same  pressure  less 
mean  pres.sure  of  cushion,  it  is  also  evident  that  II  is  greater  than  H^, 
hence  the  maximum  capacity  of  cylinder  is  obtained  with  no  cushion. 

To  illustrate  the  i)receding  projiositions,  the  following  facts  are  as- 
sumed :  cylinder,  22"x41" — revolutions,  70 — effective  vacuum,  20.66 
inches — clearance,  1.75  per  cent,  of  piston  displacement.  The  diagrams 
upon  which  the  calculations  are  based  represent  the  average  performance 
of  sucli  an  engine,  and  furnish  as  a  mean  the  following  values  : 

Initial  pres.sure 77.5    pounds. 

Terminal  i>ressure 12. 125     " 

Ti'tal  mean  pressure  without  cushion 31.133     " 

with  "        28.000     " 

Counter  "         3.75       " 

H  P.,  without  cushion 184.0 

with  •'         165.6 

Estimating  the  temperature  of  water  in  hot  well  at  140,  and  the 
l^ressure  of  evaporation  in  the  boilers  as  80  pounds  absolute,  then  the 
thermal  units  furnished  per  pound  of  steam  become  1  068.8. 

The  expense  of  heat  under  first  condition  has  been  estimated  as  fol- 
lows,— the  piston  displacement  iier  hour  to  release  (98.125  per  cent,  of 
stroke)  was  79  781.05  cubic  feet ;  volume  of  clearance  per  hour,  1  422.84 
cubic  feet;  weight  of  cubic  feet  of  steam  at  terminal  jiressure,  .0316 
pounds,  and  steam  accounted  for  to  release  per  hour  2  565.04  pounds  ; 
the  exhaust  closes  at  end  of  stroke  retaining  in  the  cylinder  (per  hour), 
1  422.84  cubic  feet  of  steam  at  counter  pressure  ;  the  weight  per  cubic 
foot  at  this  pressure  is  taken  at  .01048,  and  weight  of  steam  retained 
becomes  14.91  pounds  ;  net  steam  consumed  per  hour,  2  551  pounds  ; 
steam  per  indicated  horse  power,  13.86  jiounds,  and  thermal  units  ac- 
counted for  per  L  H.  P.,  14  813.56. 
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The  expense  of  steam  under  the  conditions  of  full  "cushion  "has 
been  calculated  thus  :  Steam  accounted  for  to  release,  as  in  first  case, 
2  565.04  pounds.  In  this  case,  the  exhaust  closes  at  36  per  cent,  of 
stroke  (from  end),  and  the  volume  of  steam  retained  in  cylinder,  includ- 
ing clearance,  30  692.82  cubic  feet;  weight  of  steam  confined  321.66' 
pounds ;  nett  steam  consumed  2  243.38  pounds,  and  steam  per  I.  H.  P. 
per  hour,  13.53  pounds.  Thermal  units  accounted  for  per  I.  H.  P.  per 
hour,  14  460.86.  The  per  cent,  of  saving  by  full  cushion  appears  to  be 
in  this  instance,  2.38,  while  the  reduction  of  cylinder  capacity  to  obtain 
full  cushion  is  nearly  10  per  cent. 

The  full  "cushion  "has  been  established  by  Marriotte  curve  drawn 
(on  the  diagram)  from  the  pressure  at  beginning  of  stroke,  to  an  inter- 
section with  line  of  counter  pressure.  The  usual  construction  of  en- 
gines, however,  is  such  as  to  disqualify  the  Marriotte  curve  in  approxi- 
mating actual  results  ;  thus  whilst  in  this  instance  the  theoretical 
loss  of  cylinder  capacity  by  full  cushion  appears  to  be  10  per  cent,  experi- 
ments upon  the  engine  prove  the  loss  much  greater  than  this.  In  en- 
gines of  the  cut-off  class,  where  sej^arate  valves  control  the  "  steam  "  and 
"  exhaust,"  it  is  possible  to  obtain  the  best  results  ;  but  with  slide  valve 
engines  such  as  are  in  the  majority,  where  a  single  valve  controls  the  sev- 
eral functions  of  "lead,"  "suppression,"  "release"  and  "cushion, "it  i» 
possible  to  obtain  full  cushion  pressure  only  at  a  sacrifice  of  15  to  50  per 
cent,  of  cylinder  capacity,  the  largest  loss  usually  occurring  with  en- 
gines having  balanced  valves. 

The  writer  is  of  oi^inion  that  the  cushion  should  be  adjusted  to 
realize  the  highest  economy  with  least  reduction  of  cylinder  capacity. 
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Discussion  on  Paper  CXL.  — The  Determination  of  Stresses  in  the  Eye- 
Bar  Head.* 

De  V0L.SON  Wood.  — What  I  have  to  say  upon  this  problem  will  be 
•of  the  most  general  character. 

Some  years  ago  I  attended  a  Commencement  Exercise,  at  Avhich  a 
<5elebrated  Boston  orator  gave  an  address,  in  which  he  said:  "Man  is 
not  placed  here  to  do  good,  but  to  be  good."  The  president  of  the 
institution  followed,  a  few  hours  afterwards,  in  some  remarks  to  the 
graduating  class,  and  referring  to  this  .sentiment,  .said,  in  his  i^eculiar 
tone  and  manner,  "Gentlemen,  the  analysis  is  too  refined."  So  I  might 
flay,  in  a  general  way,  in  regard  to  this  analysis,  "  It  is  too  refined."  I 
do  not  mean,  however,  that  it  is  tlie  faiilt  of  the  anidysis  ;  for  in  regard 
to  that  I  will  say  that  it  is  no  more  refined  than  the  character  of  the 
problem  demands.  Professor  Burr  has  made  such  thorough  work  with 
this  problem  that  we  are  not  disposed  to  take  it  up  anew. 

•  Vol.  VI,  pa^  137.     (May,  1877.) 
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In  a  general  way,  with  regard  to  the  effect  of  analysis  ni>on  the  solu-^ 
tion,  practically,  of  problems  of  this  character,  a  grand  purpose  is  servedl 
in  showing  the  limitations  of  the  problems  ;  that  is,  they  show  that  cer- 
tain superior  dimensions  need  not  be  exceeded,  and  certain  inferior 
limits  must  not  be  discarded. 

But  the  analysis  is  too  refined,  because  the  conditions  upon  which  it 
is  founded  are  not  realized.  For  instance,  it  is  necessary,  in  the  first  part 
of  this  problem,  if  we  follow  the  analysis  of  the  writer,  to  assume  that 
the  material  is  perfectly  elastic,  and  that  the  stress  at  the  rear  of  the  pin. 
follows  that  law  of  fluid  pressure  which  causes  the  pressure  to^  be 
normal  to  the  surface  at  all  points,  Now,  the  material  with  which  ^ye 
have  to  deal  is  very  gross.  We  may  say,  in  a  practical  way,  that  good 
iron  and  good  steel  are  very  refined  ;  but  the  hypothesis  of  perfect 
elasticity  may  lead  to  results  which  are  very  far  from  being  realized  in: 
practice.  For  my  i^art  I  take  but  little  interest  in  making  an  originall 
solution  of  a  problem  of  this  kind,  because  I  feel  at  the  outset  that  I  am 
obliged  to  make  certain  hypotheses  in  regard  to  the  character  of  the 
stresses  which  may  be  far  from  the  truth  in  practice,  and  that,  conse- 
quently, the  result  which  I  may  deduce  will  also  be  very  far  from  being 
realized.  Indeed  IJam  sometimes  surprised  that  the  formulas  which 
follow  from  the  theories  of  Napier  give  results  which  we  are  enabled  to 
use  in  jDractice.  When  I  consider  that  materials  are  not  perfectly  elastic, 
that  they  are  not  homogeneous,  that  some  of  the  materials  to  which  the' 
formulas  are  ai^plied  are  not  only  practically  but  actually  fibrous,  I 
am  sometimes  surprised  that  the  theory  of  elasticity,  as  applied  to- 
beams,  gives  results  which  we  are  enabled  to  use  in  practice.'  If  the 
:  matei'ial  of  the  eye  was  perfectly  elastic  and  homogeneous,  a  trifling 
incident  might  change  its  character. 

One  day  last  winter  a  young  gentleman  from  the  room  adjoining 
mine  at  the  Institute,  who  assists  in  making  experiments,  came  into  my 
room  and  said  :  "Professor,  look  at  this  sjDecimen."  I  said:  "Well, 
what  have  you  got  here  that  is  peculiar  ?  I  see  that  you  are  attemj^ting 
to  make  some  experiments  upon  a  piece  of  tubular  iron,"  "Yes  ;  youi 
see  that  it  is  drawn  out  here  and  is  not  drawn  out  there,  do  you  ?"  I 
.said  :  "Yes,  I  do."  From  that  we  entered  into  some  explanations  ia 
regard  to  what  had  taken  place  and  what  might  follow.  It  was  desired 
to  make  some  experiments  to  test  the  strength  of  tubular  ii-on,  subjected 
to  a  longitudinal  pull.     To  make  thes3  tabes  they  took  solid  iron  and 
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ilrillocl  a  holiMilong  the  axis  ni  tlu*  pioce.  Wlicii  tlicy  Imd  <^nt  ulxjut 
hiilf  the  length  of  the  piece,  the  drill  l>iokc  and  stiu-k  in  the  piece. 
To  get  it  out  they  jarred  it  by  knoekiujj;  aiunnd  cm  the  outside  of  H 
with  a  hammer.  Now  the  result  was  that  directly  oi)posite  where  the 
blows  of  the  hammer  were  applied,  it  did  not  appear  to  change  its 
form  in  the  least ;  but  just  either  side  of  that  place,  it  drew  down,  and 
finally  broke  on  duo  side.  Now  I  say  that  if  an  eye-bar  were  i)erfectly 
iiniforni,  and  a  few  blows  were  made  with  a  hand  hammer  on  the  metal 
opposite  the  eye  on  one  side  only  of  it,  the  two  sides  would  not  behave 
alike,  and  the  side  hammered  would  probably  bo  the  strongest.  No 
workman  is  careful  to  make  the  two  sides  exactly  alike.  ' 

He  does  not  strike  the  opposite  sides  exactly  the  same  number  of 
blows,  nor  with  exactly  the  same  strength.  He  does  not  observe^whether 
there  is  exactly  the  same  amoiint  of  material  placed  on  each  side  before 
he  begins.  Therefore  the  condition  of  uniformity  cannot  be  perfectly 
realized. 

In  a  commniiieation  to  Professor  Burr  I  made  the  following  remark, 
which  had  a  practical  tone,  if  not  a  i^raetical  value  :  "That  a  theorist 
who  from  the  results  of  his  analysis,  obtained  a  particular  formula,  felt 
better  satisfied  with  his  analysis  if  it  gave  results  which  agree  nearly  with 
those  which  have  been  established  by  jiractice.  And  I  belies  e  that  that 
is  the  practical  result  of  those  investigations.  I  was  not  surprised 
to  find,  as  was  reported  by  Mr.  C.  Shaler  Smith,  in  these  Transactions, 
that  different  kinds  of  iron  demanded  (.liflferent  forms  of  eyes  for  economy 
and  sti'ength.  These  experiments  showed  that  for  some  kinds  of  iron  a 
semi-circuLir  head,  Viack  of  tlie  eye,  was  the  best  form;  while  for  other 
kinds  the  dejith  back  of  the  eye  should  bo  from  It  to  1 J  times  the  width 
acro.s,s  the  eye,  giving  an  elongated  form  to  the  oiitliuo  of  the  eye. 

We  have  noticed  another  important  thing  in  regai'd  to  the  distortion 
of  this  eye-bar — that,  very  much  to  the  supvise  of  some,  at  the  time  the 
experiment  was  made,  there  was  a  heavy  drawing  in  of  the  material,  a 
little  in  front  of  the  hole  of  the  eye,  producing  a  perceptible  contraction 
in  the  width,  notwithstanding  the  fact  that  the  original  width  at  that 
point  was  1  i  to  1  ^  times  the  width  of  the  main  part  of  the  bar.  This  jjart 
of  the  bar  is  not  analyzed  in  Professor  Burr's  paper.  Ho  says  it  may 
be  nrinded  off  by  an  easy  cui'vo, etc.  But  it  might  be  analyzed  by  rn  iking 
certain  hypothesis  in  regard  to  the  shcariiig stress. 

Another  feature  of  this  class  of  proVtlems  may  be  mentioned.     A  cer- 
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tain  kind  of  stress  tases  place  at  the  rear  of  tlie  eye,  say  a  hoop  tension  ; 
another  kind  opposite  the  eye  which  may  be  jjartly  bending  and  partly 
shearing ;  another  in  front  of  the  eye,  which  may  be  a  shearing  stress 
drawing  the  material  in  radially,  or  more  strictly,  transversely.  It  is 
impossible  to  so  frame  our  analysis  that  we  shall  ghde  from  one  condition 
into  the  other.  In  order  to  analyze  any  portion  of  it,  a  certain  condi- 
tion must  be  assumed  to  exist  throughout  that  portion;  then  if  an  adjoin- 
ing portion  is  subjected  to  different  conditions,  the  curves  which  bound 
the  two  must  join  when  the  two  portions  meet,  if  the  problem  is  correctly 
solved.  This  is  one  of  the  theoretical  difficulties  which  arise  in  jiroblems 
of  this  kind. 


Discussion  on  Papees  CXLIV  and   CXLIX.— Eelative    Quantities  of 
Material  in  Bridges  of  different  kinds,  of  various  heights.* 

WiiiLiAM  H.  Searles. — I  had  thought  of  adding  something  to  the 
analytical  considerations  of  these  papers,  or  of  presenting  the  same 
thoughts  in  an  analytical  rather  than  a  graphical  form,  as  the  author  has 
given  them.  But  time  has  prevented  my  preparing  anything  of  this 
kind,  and  I  have  only  a  single  remark  to  make,  which  may  be  of  interest 
to  the  Convention.  I  had  occasion  last  year  to  put  this  problem  to  prac- 
tical test.  The  bridges  of  the  Erie  Canal  were  originally  designed 
mostly  by  our  old  and  respected  member,  Squire  Whipple,  and  generally 
with  a  very  small  height  of  truss.  They  are  wooden  bridges  with  par- 
allel chords,  and  without  counter  bracing,  unless  sometimes  in  the  mid- 
dle panels.  They  wear  out  so  rapidly,  and  especially  in  the  lower  chord, 
from  di-y  rot  and  decay,  due  to  the  weather,  that  it  was  found  profitable 
to  put  in  iron  lower  chords,  rebuilding  the  rest  of  the  bridge  in  wood. 
But  I  soon  discovered  that  the  low  truss  required  an  excessive  amount 
of  iron  in  proportion  to  the  rest  of  the  bridge,  and  I  took  the  liberty  of 
raising  the  truss  from  a  height  of  seven  or  eight  feet,  in  a  span  of  eighty 
or  ninety,  to  sixteen  feet,  simply  to  reduce  the  cost  of  the  iron  chord — 
although,  of  course,  there  was  some  expense  in  additional  wood  used, 
and  in  the  additional  length  of  vertical  rods.  "When  this  paper  of  Mr. 
Emeiy's  appeared  I  subjected  the  case,  with  the  given  data,  to  this  in- 
vestigation, and  found  that  the  figures  gave  about  sixteen  feet  as  the 
most  economical  proportion,   at  the    then  prices    of  wood  and  iron, 

*  Vol.  VI,  page  235  (August,  1877),  and  page  277  (Octob  r,  la77). 
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respet-tivt'ly,  iiutl  of  tli(>  labor  upon  tluiii.  I  tlicn  cominiicMl  the 
cost  of  the  sixteen  feet  truss,  witli  th.'  eight  or  nine  feet  truss, 
sueh  us  we  had  used,  and  found  thiit,  in  a  small  bridge  of  a  single 
roadway  there  was  a  saving  of  alunit  one  hundred  dollars.  The 
height  of  the  In-idge  was  objected  to  at  first  by  the  authorities  in 
Albany,  as  ai)parently  involving  extra  parts,  and,  as  it  was  supposed, 
iuereased  expense  ;  but  I  was  able  to  lay  the  figures  before  them  in  such 
a  way  as  to  make  it  i)erfeotly  elearthat  there  was  a  great  saving  in  raising 
an  eighty  or  even  ninety  foot  truss  to  the  height  of  sixteen  feet.  Of 
course,  it  neee.ssitited  thi>  counter  bracing  of  eveiy  panel— not  to  resist 
strain,  but  simply  to  stifiV'n  the  long  braces  by  giving  them  a  central 
support,  and  a  system  of  bracing  overhead  became  necessary,  which  Avas 
entirely  omitted  in  the  low  trusses.  The  bridge,  as  a  whole,  was  very 
satisfactory,  not  only  to  the  engineers  who  considered  it,  but  to  the 
people  generally,  and  I  was  assured  that  there  were  no  bridges  which 
were  crossed  with  a  greater  sense  of  safety  than  those  high  trussed 
bridges,  which  agreed  very  closely  with  the  proportions  given  in  Mr. 
Emery's  papers. 


DiscrssioN  ON  Papeb  CLVli. — Steam  Engine  Economy.* 

J.  Foster  Flagg. — It  appears  to  me  that  Mr.  Emery  has  committed 

the  same  mistake  in  his  formula  for  the  value  of  D  (Vol.  YII,  p.  01). 

_         1000  000/?      ,,,   T         T      .  ,  ,     *      X,        rt,  • 

/)  =  _  ,  ,  ,,,  that   I   made    in  my  formula  for  the  emciencv 

T-t-\-.mVd  IV  '' 

of  vacuum  i)iimps,  given  in  my  paper  on  that  subject,!  which  mistake  I 

mentioned  and  corrected  at  the  New  Orleans  Convention — viz.,  including 

in  tiie  denominator  the  term  __-  or  .001.3  //. 

772 

This  term  indicates  the  amount  of  heat  in  the  steam  passing  through 

the  engine  which  is  supposed  to  be  consumed  in  doing  the  work  ;  if  the 

heat  which  is  converted  into  work,  were  abstracted  from  the  steam  in  the 

pump,  this  term  would  be  very  properly  inserted  in  the  formula,  but,  as 

is  very  clearly  explained  in  Porter's  "Treatise  on  the  Richards  Steam 

Engine  Intlicator,"^  in  vacuum  pumps,  or  in  any  steam  engine  using 

ateam  for  the  full  stroke  without  exi)ansion,  the  work  is  done  in  thehniler 

*  Tol.  VII,  page  60  (March.  1878t. 

t  Trana.  Am.  Soc.  of  Civ.  Eng.,  Vol.  V,  p.  381. 

I  Sti  EJItioD,  Part  fnnr,  Secliou  one. 


194 

by  giving  to  the  steam  a  greater  number  of  thermal  units.  Even  in  en- 
gines whith  cut  off  steam  at  some  fraction  of  their  stroke,  a  portion  of 
the  work  is  still  done  in  the  boiler,  although  with  a  very  short  cut-off, 
nearly  all  would  be  obtained  at  the  expense  of  the  heat  in  the  steam  en- 
closed in  the  cylinder  ;  so  that  this  term  would  need  modification  for  each 
engine  working  steam  exjiansively,  according  to  the  degree  of  expansion. 
This  term  is  very  small  with  the  rest  of  the  denominator,  and  but 
little  error  occurs  from  its  insertion,  or  if  correctly  there,  would  be 
caused  by  its  omission.  StiU,  as  a  matter  of  theory,  it  seems  to  me  that 
the  formula  to  be  correct  should  have  this  term  stricken  oitt  entirely  for 
non-expansion  engines. 

E.  D.  LEAAaxT,  Jr. — I  will  not,  at  this  late  hour,  detain  the  Conven- 
tion by  extended  remarks  on  what  is  to  me  an  interesting  subject. 

Mr.  Emery's  jiroisosed  basis  of  comparison  commends  itself  by  its 
simplicity  and  convenience. 

In  steam  trials  as  usually  conducted,  on  the  bAsis  of  coal  consumed, 
the  quality  of  the  fuel  is  an  element  of  overshadowing  importance,  and 
it  is  jjossible  for  a  comparitively  inferior  engine,  if  provided  with  a  first- 
class  boiler  and  the  best  of  coal,  to  show  a  high  duty. 

By  adopting  the  unit  of  heat  as  the  basis,  the  engine  is  tested  upon 
its  own  merits  as  an  instrument  for  converting  heat  into  work,  and  the 
percentage  thus  utilized  can  be  readily  determined,  irrespective  of  the 
quality  of  fuel  or  efficiency  of  the  boiler  (as  an  absorber  of  "heat). 

On  the  coal  basis,  long  trials  are  necessary  because  it  is  impossible  to 
accurately  estimate  the  relative  value  of  the  fires  at  starting  and  ending — 
the  more  widely  these  points  are  separated  the  smaller  will  be  the  error. 

By  weighing  the  feed  water,  noting  i^ressures  and  temperatures  at  fre- 
quent intervals,  maintaining  the  water  level  in  boilers  constant,  and! 
taking  indicator  cards  near  together,  we  have  the  elements  for  accui'ately 
determining  the  efficiency  of  an  engine  iu  a  comparatively  short  run.  A 
series  of  such  trials,  which  can  be  made  during  the  ordinary  daily  per- 
formance, is  to  my  mind  much  better  than  the  usual  trials  of  forty-eight 
hours. 

I  hardly  think  it  possible  to  test  pumping  engines  accurately  by  the 
thermometric  method  proposed  by  Mr.  Emery.  Even  if  a  special  stirring 
apparatus  were  provided  for  mixing  the  water  in  the  well  with  the  hot  well 
discharge,  the  mass  woiild  hardly  have  a  uniform  temperature  for  want 
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of  time,  and  my  faitli  in  thermometers  is  very  weak  when  it  comes  to  fine 
measurements. 

The  dynamic  head,  by  a  merciiry  gauge  at  the  base  of  the  main,  and 
the  water  actually  discharged  by  the  pumps,  as  determined  by  wier  or 
other  correct  measurement,  should  be  taken  in  computing  the  pumjoing 
engine  duty. 

Mr.  Emery  justly  remarks  that  the  means  for  obtaining  economy  in 
steam  engines  are  well  understood.  This  is  a  fact  of  long  standing,  and 
yet  "one  hundred  millions"  remains  a  very  difficult  achievement. 
Excellence  of  design  must  be  supplemented  by  the  highest  practical  skUl 
and  most  conscientious  fidelity  in  construction,  if  we  are  to  make  the 
last  ten  millions  of  the  hundred  sure. 

The  relative  merits  of  comijound  and  long  stroke  single  cylinder 
engines  are  decidedly  in  favor  of  the  compound  if  the  same  stroke,  and 
type  of  valve  gear  be  ado]pted.  With  a  somewhat  extensive  experience  in 
the  construction  and  use  of  high  speed  of  piston,  high  pressure  steam 
and  large  measures  of  expansion  (in  single  cylinders),  I  have  found  that  as 
economical  results  were  obtained  when  cutting  off  at  one-fourth  or  one- 
fifth  stroke  as  earlier ;  in  fact,  even  with  jacketed  cylinders  of  small 
diameter  and  long  stroke,  the  advantage  was  in  favor  of  the  later  cut-off. 
Eighteen  jjounds  of  ^feed  water  per  horse  j^ower  per  hour,  is  the  best 
result  that  has  come  under  my  observation  with  this  type  of  engine  and 
in  that  instance  there  was  some  doubt  as  to  the  accuracy  of  measurement. 
At  the  trial  of  the  Corliss  engines  at  the  Merrimack  Mills,  Lowell,  in 
1877,  the  average  results  for  one  week  were  19i'^u^o  lbs.  feed  water  j)er 
horse  jDower  j)er  hour,  and  I  think  it  will  be  found  difficult  to  exceed  this 
economy  in  practice. 

Mr.  Emery's  table  shows  that  the  compound  engine  of  the  "  Hush," 
with  the  disadvantage  of  short  stroke  and  ordinary  valve  gear  used  18.384 
pounds,  and  the  Lawrence  pumiDing  engine  but  14.019  j)ounds  pev  in- 
dicated horse  power  per  hour,  which  is  27^  per  cent,  less  than  the  Meri- 
maek  Mills  engine  above  referred  to. 

There  is  unfortunately  a  dearth  of  reliable  experiments  with  the  long- 
stroke  marine  engines  that  have  been  cited  as  equalling  the  compounds 
in  efficiency.  In  a  recent  number  of  ' '  Engineering, "  the  statement  is  made 
that  some  single  cylinder  Corliss  Pumping  Engines  at  the  water  works  of 
St.  Maud,  near  Paris,  have  run  with  12  n,  lbs.  of  feed  water  per 
horse  power  i^er  hour.     Until  we  have  the  data  for  computation  in  detail. 
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such  statements  will  not  be  accepted  as   correct  by  engineers  in  this 
country. 

In  closing,  I  desire  to  call  attention  to  tlie  basis  of  comparison  adopted 
by  Prof .  Cottrill  in  his  admirable  work,  entitled,  "The  Steam  Engine 
■considered  as  a  heat  engine,"  viz.,  "Units  of  heat  per  horse  power 
per  minute,"  an  elegant  expression  involving  but  three  figures  in  the 
statement  of  performance  of  any  engine  exhibiting  an  efficiency  of  .05 
and  upwards. 

ERRATA. 

Paper  CLXII,  Vol.  vii.,  June,  1878. 
Corthell  on  South  Pass  Jetties. 

Page  135,  fifth  line  from  bottom,  change  word  Northward  to  read 
Westward. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     1852. 


TRA^IsTSiVCTIOJN^S. 

Note. — ^I'his  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in  any 

of  its  publications. 


CLXAI. 

(Vol.  VII.— August,  1878.) 

REMINISCENCES  AND  EXPEKIENCKS  OF    EARLY  ENGINEERING 

OPERATIONS  ON  R.\ILR0AD8,  WITH  ESPECIAL 

REFERENCE  TO  STEEP  INCLINES. 


By  W.  MiLNOR  EoBEKTS,  C.  E.,  Member  of  the  Society. 
Bead  May  1st,  1878. 

My  first  acquaintauee  with  railroad  inclined  jalanes  began  in  Penn- 
sylvania, at  Maiich  Chunk,  on  the  River  Lehigh,  in  the  spring  of  1827, 
whither  I  had  been  sent  by  Canvass  White,  chief  engineer,  as  a  young 
assistant  to  go  npon  the  survey  and  construction  of  the  Lehigh  Canal. 
At  that  time  Josiah  White,  of  Philadelphia,  was  the  acting  manager  of 
the  Lehigh  Coal  and  Navigation  Company,  and  all  the  extensive  works  in 
and  around  Mauch  Chunk  were  under  his  special  charge.  Erskine 
Hazard,  his  former  partner,  and  one  of  the  most  active  directors  of  the 
company,  had  i)reviously,  in  1826,  visited  Europe  and  examined  the 
coal  oj)erations  in  England  and  Wales,  and  had  also  taken^  note  of  the 
very  limited  railroad  experience  of  that  day  in  England. 
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Having  been  personally  familiar  with  the  oijerations  of  these  gentle- 
men during  the  years  1827-'28  and  '29,  and  well  acquainted  with  Josiah 
White,  who  then  resided  at  Mauch  Chunk,  which  was  my  engineering- 
home  for  three  years,  I  here  take  occasion  to  record  that  Mr.  White  was 
■one  of  the  most  remarkable  men  of  that  period.  His  natural  ingenuity 
was  almost  marvelous;  which,  joined  to  intelligent  foresight  and  the  most 
untiring  energy  and  perseverance,  enabled  him  to  overcome  engineering 
difficulties  almost  as  quickly  as  they  were  encountered. 

At  the  period  of  my  arrival  in  Mauch  Chunk  Mr.  White  was  engaged 
in  changing  the  system  of  transporting  coal  from  the  summit  of  the 
3road-Top  Mountain  (from  the  60  feet  thick  bed  of  anthracite  coal)  by 
substituting  a  railroad  for  the  turnpike.  The  turnpike  was  an  admirable 
road,  and  so  well  graded  that  a  large  portion  of  it  was  used  for  the  bed 
of  the  railroad  then  being  laid.  It  was  a  gravity  railroad,  having  a  gauge 
of  3  feet  G  inches  and  a  length  of  9  miles.  It  terminated  at  the  head  of 
the  inclined  jjlane  at  Mauch  Chunk,  which  was  then  in  iise  for  letting 
down  coal  to  the  "arks,"  in  which  it  was  conveyed  by  the  then  existing 
descending  na\dgation  on  the  Lehigh  and  Delaware  rivers  to  the  City  of 
Philadelphia.  On  the  Lehigh,  Messrs.  AYhite  and  Hazard  had  constructed 
an  artificial  navigation,  consisting  of  dams  and  movable  gates,  and 
the  "arks"  were  sluiced  from  pool  to  pool  for  47  miles,  to  Easton,  on 
the  Delaware. 

While  waiting  for  others  of  our  engineer  corps  to  arrive,  and  at  in- 
tervals afterward,  I  saw  much  of  this  first  Americaoi  coal  and  jsassenger 
railroad  laid  down,  and  rode  Tipon  the  first  passenger  train  of  very  small 
i-ars  which  passed  over  it.  I  also  paid  particular  attention  to  the  work- 
ing of  the  inclined  plane.  Having  long  ago  unfortunately  lost  my  notes 
and  drawings  of  this  early  railroad,  its  cars,  machinery,  etc.,  as  used  in 
1827,  I  can  now  only  refer  to  them  in  a  somewhat  general  Avay  from 
recollection.  The  inclined  plane  had  an  elevation  of  about  200  feet.  It 
was  quite  steep,  especially  at  the  ends,  but  flatter  near  the  middle,  con- 
forming measurably  to  the  slope  of  the  irregular  side  hill.  Its  length 
was,  I  think,  about  three  or  four  times  its  height.  It  had  a  donble  track 
passing  place  for  the  cars  near  the  middle,  a  single  track  at  each  end, 
and  was  worked  by  the  gravity  of  the  loaded  car,  which,  in  descending, 
turned  a  large  drum  at  the  head  of  the  plane,  around  which  the  rope 
was  wound  Avhich  pulled  up  the  empty  car,  the  motion  being  regulated 
bv  a  friction  brake. 
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During  the  summer  or  fall  of  1827  Mr.  White  constructed  another 
■experimental  inclined  plane,  upon  a  novel  principle.  It  was  of  full 
size,  and  was  worked  by  water  power  obtained  from  the  creek  which 
flowed  through  the  narrow  valley  near  its  foot.  The  track  itself  was  an 
ordinary  3  feet  6  inch  gauge  ;  but  between  the  rails  there  were  three 
movable  wooden  stringers  the  whole  length  of  the  plane,  having  upon 
their  upper  faces  an  iron  rack.  These  movable  bars  were  geai'ed  to  the 
water-wheel  so  that  they  worked  back  and  forth,  alternately.  To  the 
rear  end  of  the  car  three  hanging  bars  of  iron  were  attached,  which 
touched  and  pressed  their  lower  extremities  against  the  notches  or  rack 
on  the  movable  bars.  When  the  water-Avheel  was  set  in  motion,  the  car 
A\  as  pushed  tip  the  jjlane,  in  a  rather  jerking  manner  ;  the  upward  move- 
ment of  each  of  the  three  bars  progging  the  car  along.  I  assisted  in 
some  of  the  experiments  made  with  that  very  peculiar  inclined  plane. 
It  certainly  did  fairly  propel  loaded  cars  up  the  plane  ;  but  the  principle 
Avas  not  afterward  applied  at  any  time  in  the  regular  business  of  the 
company.  AH  the  old  railroads  and  i^lanes  -which  existed  at  and  near 
Mauch  Chunk  fifty  years  ago,  the  jieriod  referred  to,  have  long  been 
superseded  by  modern  tracks  of  standard  or  4  feet  8h  inch  gauge  for 
locomotives,  and  improved  inclined  plane  gi-avity  roads  and  switch-backs 
of  the  present  era,  Avhich  constitute  such  striking  features  of  that  coal 
region  now.  In  1827  the  coal  business  of  the  United  States  and  railroad- 
ing were  yet  in  their  infancy. 

In  1831  I  was  appointed  senior  principal  assistant  engineer  under  my 
friend  and  preceptor,  Sylvester  Welch,  chief  engineer  on  the  Allegheny 
Portage  Eaili-oad  in  Pennsylvania.  The  other  princiijal  assistants  were 
my  lifelong  friends,  Solomon  W.  Roberts  and  Edward  Miller,  the  latter 
since  deceased,  after  a  well-spent  life.  In  the  spring  of  that  season  I 
surveyed  and  located  eight  of  the  ten  inclined  planes,  and  afterward 
superintended  their  construction,  namel}^  Nos.  3,  4  and  5  on  the  western, 
and  6,  7,  8,  9  and  10  on  the  eastern  slope  of  the  Allegheny  Mountain. 

Mr.  S.  W.  Eoberts,  who  had  charge  of  the  western  half  of  the  rail- 
road, surveyed,  located  and  superintended  the  construction  of  Nos.  1  and 
2,  the  two  planes  on  that  division  ;  which  division  included  the  fir.st  rail- 
road tunnel  in  the  United  States.  Mr.  Edward  Miller's  duties  began  a 
little  later,  and  they  were  chiefly  in  the  main  oflice  with  Mr.  Welch, 
ari-auging  the  plans  and  drawings  for  the  stationary  engines  and  machi- 
nery of  the  ten  planes. 
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The  inclination  of  tliese  planes  varied  from  about  8  to  lOj  per  cent-' 
except  No.  9,  which  -was  7i  per  cent.  The  longest,  No.  8,  being  3,115' 
feet  (including  a  very  short  curve  at  the  top,  and  a  curve  200  feet  long  at 
the  bottom).  It  had  a  total  rise  of  308  feet,  the  straight  portion  hav- 
ing a  rise  of  lOi  feet  per  100,  or  au  angle  of  5°  51'  9".  The  old  Phila- 
delphia and  Pittsburgh  turnj)ike,  which  crossed  the  mountain,  in  sight, 
and  close  by,  had  upon  it  grades  of  six  degrees,  and  I  made  it  a  point,  in 
establishing  the  inclination  of  the  steepest  plane  on  the  railroad,  that  it 
should  be  flatter  than  the  turnpike  grade,  and  the  fact  was  stated  in  our 
published  rej^orts  following,  for  the  information  of  the  Legislature  and 
the  public.  At  that  day  there  was  a  dread  in  the  public  mind  in  regard, 
to  inclined  i^lanes. 

In  1832,  in  company  with  Chief  Engineer  Welch,  I  rode  across  the 
country  on  horseback,  from  the  Allegheny  Mountain,  and  visited  the- 
inclined  jilanes  on  the  Morris  Canal,  in  New  Jersey,  and  those  on  the 
Carbondale  and  Honesdale  Railroad  in  Northeastern  Pennsylvania,  both 
being  then  new,  and  made  notes  and  drawings  to  aid  in  the  studies  of 
the  details  of  our  mountain  inclines.  Mr.  Archbald*  was  then  chief 
engineer  and  manager  of  the  Carbondale  and  Honesdale  Eailroad,  uj)on. 
which  the  inclined  planes,  with  stationary  engines  at  the  head,  had  re- 
cently been  put  in  operation. 

Several  plans  wei-e  proposed  for  working  the  planes  ;  the  one  adopted 
Avas  with  a  double  track  railroad  and  au  endless  rope,  worked  by  a 
stationaiy  engine  at  the  head  of  the  plane. 

No  survey  had  been  ordered  by  the  State  for  a  graded  railroad  with- 
out planes  over  the  mountain.  There  had  been,  however,  a  siirvey  made- 
across  the  Allegheny  Mountain,  between  Hollidaysburg  and  JohnstoAvny 
a  distance  of  about  37  miles,  in  1826,  having  partly  in  view  a  low  grade- 
macadamized  road — the  "macadamized"  road  being  then  a  new  thing- 
in  England.  George  T.  Olmstead,  under  Canvass  White,  Chief  En- 
gineer, had  charge  of  the  survey  ;  John  T.  Young,  of  New  York  State, 
was  one  of  the  levelers  ;  F.  H.  Petrie,  of  Portland,  Maine,  was  compass- 
man  ;  and  A.  B.  Warford  and  W.  Milnor  Roberts  were  the  rodmen. 

Permit  me  in  tins  place  to  mention  the  fact  that  Messrs.  Clarke  and 
Holgate  made  a  survey  in  1824,  for  a  continuous  canal  through  the 
Allegheny  Mountain.  In  order  to  insure  a  sufficient  natural  supply  of 
Avater  they  proposed  a  tunnel /o?(r  miles    n  lengt^i.     At  that  day  such  a 

*  T.ic  liitber  of  James  Archbald,  member  of  this  Society. 
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tunnel  became  a  subject  of  ridicule,  and  the  canal  project  through  the 
mountain  was  droi^ped.  Yet  Messrs.  Clarke  and  Holgate  were,  like 
other  bold  projectors,  merely  in  advance  of  the  age. 

The  real  impediment  now,  as  it  was  then,  is  the  fact  that  the  canal 
would  be  frozen  up,  in  this  latitude,  during  at  least  one-third  of  the 
year.  There  is  also  another  very  important  obstacle,  the  large  amount 
of  lockage — even  with  a  four-mile  tunnel. 

In  the  State  of  Pennsylvania,  a  canal  system,  in  j)ret'erence  to  a  rail- 
road system,  had  been  deliberately  adopted  in  the  Legislative  Session  of 
1825-26,  and  Canvass  White,  then  Ciiief  Engineer  of  the  Union  Canal,* 
and  prior  to  that  one  of  the  earliest  engineers  of  the  New  York  Erie 
'Canal,  was  appointed  to  make  the  surveys  between  the  Susquehanna 
river,  at  Duncan's  Island,  above  Harrisburg,  to  the  Ohio  River,  at  Pitts- 
burgh, by  way  of  the  Juniata  river  on  the  eastern  side  of  the  Alleghenies, 
and  on  the  western  side  via  the  Conemaugh  and  Kiskiminitis  rivers  to 
the  Allegheny,  and  down  that  river  to  its  junction  with  the  Mononga- 
liela,  at  the  head  of  the  Ohio,  at  Pittsburgh. 

The  State  canals  were  begun  in  1826  and  1827,  but  nothing  was 
•decided  as  to  the  mode  of  crossing  the  mountain  for  several  years. 

In  1829  preliminary  surveys  were  authorized  by  the  Legislature, 
a'ld  were  made  under  the  direction  of  Moncure  Eobinson,t  for  a  rail- 
Toad  over  the  mountain,  with  inclined  planes,  between  the  terminal 
points  of  the  canals — HoUidaysburg  on  the  eastern  and  Johnstown  on 
the  western  side. 

In  1830  another  set  of  siirveys  was  made  under  the  direction  of  Col. 
S.  H.  Long,  U.  S.  A.,  and  Major  JohnWilson — the  latter  was  afterward 
Chief  Engineer  of  the  State  Railroad  V)etween  Philadelphia  and  Co- 
lumbia. 

These  surveys  indicated  the  employment  of  eleven  inclined  planes. 
Col.  Long  proposed  several  curved  planes  ;  but  Mr.  Robinson  favored 
straight  planes,  even  although  some  of  them  might  cost  considerably 
more. 

After  a  partial  examination  of  the  grounds,  in  1831,  I  suggested  that 
it  might  be  practicable  to  locate  the  line  with  five  inclines  on  each  side 
of  the  summit,  all  straight  (dispensing  with  one  plane),  and  Mr.  Welch 


*  The  Union  Canal  of  Pennsylvania,  81  miles  long,  extends  from  Reading,  on  the  Schuyl- 
ikill  river,  to  Middletown,  at  the  Susquehanna  river. 

it  Mr.  Kobinson,  who  is  still  living,  was  one  of  the  earliest  members  of  this  Society. 
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instructed  me  to  so  locate  tliem,  if  the  cost  should  not  prove  too  great.. 
By  the  employment  of  short  levels  betAveen  Nos.  6  and  7,  and  7  and  8,. 
and  making  plane  No.  8  considerably  longer  than  the  others,  and  with 
the  maximum  inclination  of  lOi  feet  per  100  feet,  the  location  with  ten 
instead  of  eleven  inclines,  all  of  them  straight,  Avas  finally  effected.  At 
that  early  period  in  railroading  the  crossing  of  the  Allegheny  Mountain 
was  regarded  as  quite  formidable.  Had  the  Legislature  authorized  sur- 
veys to  determine  whether  a  regularly  graded  road  throughout  or  an  in- 
clined plane  road  shoiild  be  adopted,  it  is  possible  that  a  road  with 
inclined  planes  might  never  have  been  built  there  ;  but  the  general  plait 
was,  as  already  intimated,  settled  by  the  Legislature,  in  advance.  A 
graded  line  would  have  been  only  about  ten  miles  longer,  even  on  a 
grade  of  52  ,\|  feet  per  mile,  or  about  47  instead  of  37  miles. 

It  was  not  however,  certain,  when  the  Allegheny  Portage  Kailroad 
was  located  (in  1831),  that  locomotives  would  be  used  upon  it.  After- 
very  careful  surveys,  at  my  earnest  solicitation,  a  grade  of  52,-o  feet  per 
mile  for  about  three  miles,  on  a  straight  track,  below  plane  Ko  10,  was- 
adopted,  in  lieu  of  aline  with  numerous  curves  on  a  grade  of  4:2i'-^o"o  f^et 
per  mile.  To  bring  the  grade  down  to  52 1%  feet,  I  had  to  sink  it,  at  the 
foot  of  the  plane,  ten  feet  below  the  bed  of  the  creek,  put  a  culvert  for 
the  stream  under  the  inclined  plane,  and  excavate  an  entirely  new  creek 
channel  for  a  considerable  distance.     It  answered  perfectly. 

At  that  period  there  was  a  general  impression  among  English  en- 
gineers, assented  to  readily  liy  our  still  less  experienced  American 
engineers,  that  locomotives  could  do  very  little  work  on  grades  above 
thirty  feet  per  mile.  There  were  then  inclines  of  only  50  feet  per  mile- 
in  England  worked  with  ropes  and  stationary  machinery.  Thirty  feet 
per  mile  was  the  maximum  adoj)ted  by  Major  Wilson,*  the  Pennsyl- 
vania State  Chief  Engineer,  who  located  the  first  State  railroad  between 
Philadelphia  and  Columbia,  82  miles.  Columbia  is  a  town  on  the 
Susquehanna  river,  12  miles  west  of  Lancaster.  The  adoption  of  a 
thirty  feet  maximum  gradient  involved  the  construction  of  two  inclined, 
planes,  one  near  Philadelphia,  called  the  " Schnijlkill  Inclined  Plane," 
the  other  at  Columbia,  called  the  "  Columbia  Inclined  Plane.'''  They 
had  inclinations  of  about  7  feet  per  one  hundred  feet  rise.  The  Schuyl- 
kill plane  was  over  half  a  mile  in  length  (2,805  feet,  with  a  rise  of  187 
feet).     The  Columbia  plane  was  considerably  less  (1,900  feet,  with  a  ris*; 

*  Tlie  father  of  W.  Hasell  Wilson. 
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of  90  feet).  The  intermediate  line,  about  78  miles,  was  located  with  the 
maxinuini  grade  of  30  feet  per  mile,  and  with  numerous  curves  of  10'-^ 
or  over,  deflection  per  100  feet.  The  summit  cut  at  the  "Gap,"  east 
of  Lancaster,  proved  to  be  so  difficult  and  costly,  on  account  of  quick- 
sand, that  it  was  ultimately  laid  on  a  grade  of  about  44  feet  per  mile, 
and  I  believe  it  so  remains. 

The  continuation  of  this  State  railroad  from  Lancaster  to  Harris- 
burg,  37  miles,  was  located  by  me  as  Chief  Engineer  in  183.5,  for  the 
"Harrisburg,  Portsmotith,  Mt.  Joy  and  Lancaster  Eailroad  ComiJany." 
I  adopted  a  maximum  gradient  of  0. 75,  or  39  i''o  feet  per  mile,  which  was 
strictly  adhered  to  in  jjassing  the  summit,  near  Elizabethtown,  Lan- 
caster County.  Some  years  afterward,  when  the  Pennsylvania  Eailroad 
Company  became  the  purchaser  of  the  State  improvements,  they  leased 
for  ninety-nine  years  this  Harrisburg  and  Lancaster  line,  and  it  now  con- 
stitutes a  link  of  their  main  line  between  Philadelphia  and  Pittsburgh. 

In  the  session  of  1847-48,  the  Legislature  of  Pennsylvania  aj^pointed 
me  the  engineer  to  survey  and  report  upon  a  route  for  avoiding  the 
SclintjlJdll  Inclined  Plane.  At  the  time  of  this  special  appointment  I 
Avas  engaged  in  building  the  Sandy  and  Beaver  Canal,  in  the  State  of  Ohio, 
which  was  nearly  completed.  During  the  summer  and  fall  of  1848  I 
made  the  sitrvey  and  report  upon  the  avoidance  of  this  inclined  plane, 
and  recommended  substantially  the  line  upon  whicli  the  new  road  (now 
part  of  the  Pennsylvania  Railroad)  Avas  soon  after  constructed.*  I  ad- 
vised the  sale  of  about  three  miles  of  the  old  railroad  between  the  in- 
clined plane  and  Broad  street,  Philadelphia,  to  the  Reading  Railroad 
Company,  which  "u^as  made.  I  also  advised  the  purchase  by  the  State  of 
a  large  lot  of  ground  on  the  Avest  side  of  the  Schuylkill  river  for  termi- 
nal purposes  ;  for  this  I  was  sharply  censured  by  some  critics  for  my 
extravagant  assumption  that  so  large  an  area  could  be  needed.  In  those 
days  they  did  not  build  terminal  stations  and  round-houses,  etc.,  by  the 
acre.  It  would  hardly  aiaswer  now  to  confine  the  Philadelphia  terminus 
of  the  Pennsylvania  Railroad  to  tAventy-five  acres. 

To  return  fi-om  this  partial  digression  to  the  Allegheny  Mountain  In- 
clined Planes  :  the  Mountain  Railroad  Avas  finished,  and  a  train  of  cars, 
draAvn  by  horses  on  the  levels,  was  passed  OA^er  all  the  planes  on  the 


*  It  may  be  here  meutionecl  that  the  Columbia  Inclined  Plane  was  also  avoided  about  the 
same  time  upon  a  route  surveyed  by  W.  H.  Hufiuagel,  C.  E.,  Assistant,  so  that  about  1850  the 
State  Railroad  between  Philadelphia  and  Columbia  was  freed  from  inclined  planes  and  left 
with  maximum  grade  of  45  feet  per  mile,  and  a  general  limit  of  'JO  feet  per  mile. 
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21st  of  November,  1833.  A  committee  of  the  Board  of  Trade  of  Pliila- 
deljiliia  liad  gone  out  westward  some  time  before,  and  we  had  promised 
to  give  them  a  pioneer  ride  over  the  Mountain  Raih-oad  on  their  return. 
We  worked  very  hard,  and  barely  accompHshed  it,  miich  to  their  gratifi- 
cation. Tlie  train  of  new  freight  cars  had  been  put  upon  the  road  by 
David  Leech.  They  started  in  the  morning  from  Johnstown,  and  about 
ten  o'clock  that  night,  in  the  midst  of  a  snow  storm,  our  friends,  after 
passing  over  all  the  planes,  were  delivered  safely  in  Hollidaysburg. 
The  railroad  and  the  canals  with  which  it  connected  were  then  closed 
for  the  season.  In  the  sjDring  of  1834  the  Allegheny  Portage  Eailroad 
was  regularly  "opened  to  the  public."  It  was  so  literally;  for 
any  persons  who  chose  could  put  cars  on  the  track,  and  haul  them,  with 
their  own  horses,  from  either  end  to  the  foot  of  the  first  plane,  and  on 
the  levels  between  the  planes  ;  the  State  merely  transporting  the  cars  up 
and  down  the  inclines,  by  means  of  the  stationary  engines  at  the  head. 
This  system,  as  the  number  of  cars  and  of  persons  using  the  road  in- 
creased, soon  became  exceedingly  troublesome.  I  had  the  general 
charge  and  management  of  the  running  of  the  road,  and  of  the  inspec- 
tion, weighing,  numbering  and  registering  of  the  cars  during  the  season 
of  1834,  as  well  as  the  general  superintendence  of  the  working  of  the  ten 
inclined  planes;  so  that  I  was  almost  constantly  on  the  road.* 

At  the  same  time,  the  State  having  so  determined,  a  permanent  second 
track  was  being  laid  throughout  the  entire  37  miles,  excepting  upon  the 
planes,  where  the  track  had  been  laid  double  in  the  first  instance.  This 
work,  which  was  an  arduous  duty,  was  under  the  immediate  charge  of 
S.  W.  Roberts,  Princijjal  Assistant  Engineer.  A  large  number  of  cast- 
iron  chairs  were  required  for  this  road.  They  weighed  from  13  to  14 
lbs.  each.  The  rail  (excepting  on  the  planes,  where  wooden  stringers 
and  flat  bars  were  laid),  was  of  the  "  edge"  jiattern,  weighing  39  lbs. 
per  yard.  Added  to  my  duties  of  that  season  was  that  of  superintending 
the  manufacture  of  the  cast-iron  chairs,  and  the  delivery  and  acceptance 
of  the  chairs  and  rails,  etc.  The  work  of  assistant  engineers  in  those 
primitive  days  was  only  limited  by  their  capacity.  In  the  first  track, 
stone-blocks  2  feet  square  and  1  foot  thick  were  bedded  on  broken  stone 
laid  1  foot  deep,  the  blocks  set  at  intervals  of   one  yard  from  centre  to 


*  During  the  season  of  1834, 1  bad  the  pleasure  to  escort  M.  de  Oheyalier,  of  France,  in 
company  with  Momure  Robinson,  over  the  road.  I  also  escorted  General  Bernard  and  his 
family  at  another  time.  General  Bernard  said  to  me  that  the  Portage  Railroad  was  second 
only  to  the  passage  of  thp  .Simplon  in  boldness  and  magnitude.     Where  are  its  glories  now  V 
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•centre,  supported  the  chairs,  the  chairs  being  fastened  thereon  by  spikes 
driven  through  locust  i^lugs  ll  inches  in  diameter  let  into  holes  (5 
inches  deep,  previously  drilled  in  the  stone-blocks.  The  rails  were  held 
in  place  by  wrought-iron  wedges. 

In  the  second  track,  in  some  places,  stone  cross  ties  7  feet  long  were 
laid,  at  intervals  of  one  yard  from  centre  to  centre,  in  lieu  of  the  two 
separate  blocks  used  in  the  first  track.  This,  being  bedded  on  a  foot  in 
depth  of  broken  stone,  made,  as  may  be  imagined,  not  only  a  solid,  but 
a  too  rigid  road.  It  may  as  well  here  be  stated  that  in  a  few  years  these 
stone  supports  were  superseded  by  wooden  cross-ties. 

The  delivery  of  a  large  portion  of  the  materials  along  the  line  for  the 
second  track,  and  for  the  diiplicate  stationary  engines  at  the  planes, 
added  to  the  daily  increasing  general  transportation  of  freight  and  pas- 
sengers on  the  single  track,  demanded  almost  constant  attendance  on  the 
line,  as  questions  daily  ai'ose,  in  the  use  of  the  road  by  various  independ- 
ent parties,  which  I  was  daily  called  upon  to  settle.  The  "  telegraph' 
was  not  yet  born  ;  and  railroad  experience  was  still  a  thing  in  embryo. 
The  gigantic  railroading  of  the  present  day  had  not  then  an  existence 
•even  in  .dreams.  Neither  the  "General  Mauager"  nor  the  "Receiver," 
liad  yet  been  invented. 

The  machinery  which  worked  the  inclined  planes  was  simple.  An 
endless  rope  of  from  three  to  three  and  a  half  inches  in  diameter  (for 
different  planes)  jiassed  around  a  large  horizontal,  double  grooved,  fixed 
w^heel  at  the  head  of  the  plane,  and  thence,  supported  on  numerous 
sheaves,  set  in  the  middle  of  the  tracks,  to  the  foot,  and  around  a  movable, 
smaller  horizontal  grooved  wheel  below  the  foot  of  the  plane.  The  lower 
wheel  was  attached  to  a  carriage,  so  that  when  necessary,  the  slack  of  the 
rope,  from  stretching,  was  readily  taken  up.  The  stationary  engines  lind 
double  cylinders,  of  sizes  proportioned  to  the  particular  plane.  They 
were  called  from  thirty  to  forty  hoise-i:)Owei  each.  There  were  two  sys- 
tems of  brakes  for  restraining  the  velocity  of  the  rope  and  stopping  the 
attached  cars  at  pleasure  ;  one,  the  ordinary  iron-band  friction-brake  ; 
the  other,  a  water  cylinder,  having  a  regulating  valve,  which,  when  partly 
closed,  checked  the  speed  in  proportion  to  the  sjjace  leftojaen  for  the  water 
to  rush  through,  which,  when  entirely  closed,  stopped  all  motion.  I  some- 
times let  a  train  (of  four  four-wheeled  cars)  down  a  plane  by  the  water- 
brake  alone,  without  using  steam  ;  and  occasionally  allowed  a  descending 
loaded  train  to  bring  up  cars  on  the  ojiposite  track  by  their  gravity,  reg- 
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iilating  the  motion  without  the  aid  of  steam,  by  the  water-brake.  Tiie- 
engines  were  high  pressure,  and  were  biiilt  at  Pittsburgh  and  Blairsville. 
The  ropes  first  used  were  hempen  ;  though  some  grass  ropes  were  put  on 
during  the  year,  which  answered  tolerably  well."'-" 

The  freight  cars  were  all  four-wheeled,  weighing  from  three  to  three 
and  a  half  net  tons  each,  or  six  thousand  to  seven  thousand  pounds.  The 
passenger  cars  first  used  were  of  the  primitive  formation,  designed  and 
put  upon  the  road  by  Mr.  Lot  Dixon,  one  of  my  assistant  engineers. 
They  seated  comfortably  twenty-five  persons  inside,  and,  like  the  interior 
of  a  modern  street  car,  accommodated  an  indefinite  number  outside. 
We  frequently  "put  the  passenger  cars  through"  over  the  37  miles,  in- 
cluding the  passage  of  the  ten  inclined  planes,  in  about  five  hours,  and 
sometimes,  under  the  most  favorable  circumstances,  in  four  hours.  The 
ordinary  running  time  depended  somewhat  upon  the  extent  of  the  delays 
caused  by  accumulations  of  freight  cars.  Upon  one  occasion,  late  in 
the  season,  I  carried  the  business  of  the  road,  at  Plane  No.  10,  when  the 
stationary  eni,ine  was  out  of  order,  by  means  of  one  of  William  Norris' 
locomotives,  which  weighed,  I  think,  about  twelve  tons,  by  running  it 
empty  up  the  plane,  and  then  attaching  it  to  the  endless  rope  on  the 
descending  track,  putting  on  steam,  and  thus  pulling  up  a  train  on  the 
ascending  track  ;  then,  detaching  the  locomotive  at  the  foot  of  the  plane, 
and  again  running  it  up.  The  same  or  a  similar  locomotive  was  run,  hy 
its  own  steam,  up  all  the  planes,  including  the  steepest  on  the  road,, 
namely,  10{  feet  per  100  (541  feet  per  mile)  for  3,100  feet  of  length,  the 
total  rise  being  308  feet.  The  inclination  of  Plane  Xo.  10  was  8}  feet 
per  100,  or  43(5  feet  per  mile  ;  its  length  a  little  less  than  half  a  mile 
(2,295  feet).  At  the  time  the  locomotive  was  run  up  the  grade  of  541 
feet  per  mile,  my  opinion  was  that  for  a  locomotive  of  that  construction 
(with  two  drivers),  10}  feet  per  hundred  was  near  the  limit  at  whic'i  it 
could  be  run  up  by  its  own  steam  power  with  only  its  own  adhesion. 

The  grades  on  the  so  called  "levels"  between  the  inclined  planes  were 
very  light,  generally  0.40  per  100  feet,  or  21.12  feet  per  mile. 

At  the  planes  the  cars  were  attached  (very  quickly)  to  the  main  roi^es 
by  means  of  loose  stopper-ropes — two  to  each  car  ;  the  men  specially 
employed  for  this  diity  soon  acquired  wonderful  dexterity  in  hitching 
and  unhitching  ;  so  that  when  there  was  no  obstruction  from  accumula- 

*  A  few  years  afterward,  wire  ropes,  mauufactured  by  my  friend,  John  A.  Roeblinf^,  C.  E., 
were  substituted,  and  were  found  to  be  in  the  Jong  run  safer  and  more  economical  than  the 
hen)pen  ropes. 
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tiou  of  cars  a  train  of  four  cars  -svas  passed  up  or  down  a  plane  witli  very- 
little  detention.  In  the  first  use  of  the  planes  occasionally  a  defective- 
"hitch"  led  to  the  running  away  of  cars,  resulting  in  considerable- 
damage.  The  Chief  Engineer,  Mr.  Welch,  suggested  to  me  the  employ- 
ment of  a  small  four-wheeled  safety  car,  having  a  horizontal  iron  shoe, 
upon  which  the  wheels  of  an  accidentally  detached  caa:  should  he  stopped^ 
the  car  by  its  weight  on  the  shoe  producing  sufficient  friction  on  the  rail 
to  stop  it  on  the  plane.  Upon  reflection,  it  occurred  to  me  that  by  using - 
only  two  small  wheels,  with  a  bent  axle,  high  enough  to  pass  above  the 
main  rope,  a  very  much  lighter  and  much  more  easily  handled  car  could 
be  obtained.  I  accordingly  made  the  drawings  and  had  one  built  under 
my  own  superintendence  in  Johnstown.  It  was  then  tested  on  Plane 
No.  1  by  allowing  a  car  loaded  with  pig-iron  to  strike  upon  the  shoes, 
after  a  free  run  of  some  feet,  when  the  car  was  at  once  safely  stopped. 
This  style  of  safety  car  was  immediately  adopted,  and  they  were  soon 
used,  invariably  in  front  of  the  descending  and  in  rear  of  the  ascending 
trains.  The  general  plan  was  also  copied  and  introduced  on  the  other- 
State  inclined  planes,  at  Columbia,  and  near  Philadelphia.  Accident 
from  the  breaking  of  the  hitches  or  of  the  main  rope  were  thus  rendered, 
comparatively  harmless. 

There  was  an  incident  at  Plane  No.  10,  the  lowest  on  the  eastern  side 
of  tlie  mountain,  which  may  not  be  uninteresting,  though  it  was  only  a 
troublesome  hove  at  the  time.  The  head  of  the  plane  was  a  very  dry 
mountain  spur,  nearly  two  hundred  feet  above  Blair's  Gap  Run,  a  moun- 
tain stream  flowing  nearly  parallel  with  the  spur  u]3on  which  the  inclined 
plane  was  built.  The  geological  formation  of  the  spur  is  a  very  compact 
dry  slate  rock,  pitching  into  the  hill  at  an  angle  of  some  thirty  degrees.. 
Flowing  water  could  not  be  brought  to  this  plane  for  the  use  of  the 
stationary  engines  at  its  head  short  of  laying  jiipes  for  nearly  two  and  a 
half  miles,  and  the  conveyance  of  water  by  tanks  up  the  plane  becoming 
troublesome,  a  well  was  sunk  a  few  feet  deep  at  the  head  of  the  plane, 
and  then  a  five-inch  bore  hole  was  started  and  sunk  more  than  two  hun- 
dred feet,  that  is,  some  feet  below  the  level  of  the  creek,  without  meeting 
with  a  drop  of  water.  I  then  urged  the  laying  of  wooden  pipes  (of  young 
hemlock)  from  a  point  on  the  creek  high  enough  to  allow  the  water  to- 
flow  by  gravity  to  the  head  of  the  plane.  The  chief  engineer  authorized 
it  and  it  was  done  immediately  ;  but  he  also  re(|uired  the  boring  at  the- 
well  to  be  continued,  and  it  was  continued  to  the  depth  of  betAveen  sevei\ 
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and  eiglit  humlreil  feet  \vitliout  encountering  any  water,  excepting  wliat 
we  poured  in  at  the  top  to  assist  the  drilling.  It  was  then  abandoned. 
It  affords  good  geological  proof  that  the  compact  slate  rock  continues  to 
that  depth  ;  and  also  that  there  is  such  a  thing  as  an  absolutely  dry  well, 
nearly  eight  hundred  feet  deep.  * 

In  1835,  '36  and  '37,  being  engaged  in  the  building  of  the  Harrisburg 
and  Lancaster  and  the  Cumberland  Valley  Eailroads,  in  Eastern  Penn- 
sylvania, I  had  no  direct  connection  with  inclined  i^lanes,  excepting  that, 
in  1836,  my  friend  William  Norris  invited  me  to  meet  a  number  of 
gentlemen  to  witness  a  promised  performance  of  one  of  his  locomotives, 
namely,  to  take  a  passenger  car  (eight-Avheeledf),  with  fifty  persons  in 
it,  up  the  Schuylkill  Inclined  Plane,  at  the  rate  of  ten  miles  an  hour. 
The  first  morning  this  experiment  was  to  be  tried  it  was  found  that  some 
malicious  or  humorous  individual  had  greased  the  track,  which  prevented 
the  test  for  that  time,  but  shortly  after,  when  the  grease  had  been  re- 
moved, his  locomotive  actually  performed  as  he  had  promised.  A  careful 
record  of  the  j)erformance  was  jjrinted  in  a  quarto  pamphlet  at  the  time, 
but  I  have  not  seen  it  for  a  great  many  years.  One  of  the  passengers 
was  an  English  officer,  who  (as  Mr.  Norris  afterward  told  me),  when  he 
related  the  occurrence  in  England,  was  not  credited,  the  railroad 
savants  on  the  other  side  having  already  "  decided "  that  the  limit  of 
locomotive  i^ossibilities  stopj^ed  very  far  sliort  of  422  feet  jier  mile  rise, 
which  was  the  grade  of  the  Stthuylkill  Plane.  The  length  of  this  plane 
Avas  about  half  a  mile. 

In  1836  Mr.  William  Norris  built  several  locomotives  for  me,  to  be 


*  Ou  the  first  of  January,  1835,  an  exceptionally  cold  day,  I  rode  on  horseback,  in  company 
with  Chief  Engineer  Welch,  from  Johnstown  to  Klairsville,  to  meet  James  Clarke,  President 
of  the  Board  of  Caual  Commissioners,  for  the  purpose  of  resigniug  my  position  on  the  Alle- 
gheny Portage  Railroad,  and  of  bidding  him  farewell.  I  had  no  further  connection  with  that 
road  till  the  winter  of  1838-39,  when  the  Baard  of  Canal  Commissioners  appointed  me  their 
engineer  to  examine  and  report  upon  its  condition,  and  to  estimate  the  cost  of  putting  it  in 
thorough  repair,  which  I  did  in  the  winter  of  1839.  The  wire-ropes  put  in  by  Mr.  Roeblinjj 
were  then  in  use,  aud  were  considered  more  economical  than  the  hempen  ropes.  The  same 
rails  which  had  been  lail  down  in  1833  were  still  in  very  good  order,  and  the  business  had  very 
largely  increased.     The  Pennsylvania  Railroad  had  not  yet  been  seriously  thought  of. 

t  Passenger  cars  with  eight  wheels  had  not  then  been  long  in  use.  I  think  it  was  in  1835 
that  I  went  with  Mr.  Norris  to  Mr.  Imlay's  car  shop,  on  Bush  Hill,  Philadelphia,  to  examine 
the  first  ei^iht-wLieeled  passenger  car,  as  I  understood.  I  pronounced  it  just  the  thing  for  the 
i'olumbia  Railroad,  which  abounded  in  curves.  Mr.  Imlay  remarked  that  I  was  the  first  civil 
engineer  who  had  said  it  would  succeed.  It  was  soon  after  placed  upon  the  Columbi  i  Railroad. 
I  had  the  honor  to  have  a  similar  car,  which  was  placed  on  the  road  the  sime  year,  named 
alter  me  by  the  authorities  in  charge  of  the  road,  without  my  knowledge  or  saying  by  your 
leave.     Eight-wheeled  passenger  cars,  in  those  days,  were  reg  irdeJ  as  graud  affairs. 


209 

used  on  the  Cumberland  Valley  liailroad,  between  Harrisbnrg  and 
Chambersburg,  51  miles,  which  road  was  o^jened  in  1886-'37.  One  of 
them,  the  Nicliolas  Biddle,  continned  running  until  Avithin  a  very  few 
years.  I  think  it  ran  thirty-eight  years.  It  had  only  two  drivers,  about 
five  feet  diameter. 

After  the  Pennsylvania  Railroad  Company  had  built  their  road  over 
the  Allegheny  Mountain,  only  two  miles  north  (at  the  sTimmit)  of  the  old 
Allegheny  Portage  Railroad,  already  described,  with  a  ninety-five  feet 
per  mile  grade  between  Altoona  and  the  summit,  near  Gallitzin,  and 
when  the  Portage  Road,  with  its  ten  inclined  planes,  had  been  in  use 
about  twenty  years,  the  Legislature  of  Pennsylvania  directed  surveys  to 
be  made  to  ascertain  the  feasibility  of  a  graded  railroad  between  Holli- 
daysburg  and  Johnstown.  Robert  Paries,  C.  E.,  who  was  then  in  the- 
service  of  the  State,  made  that  survey,  and  reported  it  to  the  State 
authorities  ;  whereupon  the  Legislatiire  aiDjJointed,  by  name,  Edward  F. 
Gay,  C.  E.,  Robert  Paries,  C.  E.,  and  myself,  a  commission  to  examine, 
not  only  that  route,  but  also  the  old  Portage  Railroad,  and  to  report 
upon  the  advisability  of  retaining  all  or  some  of  the  inclined  jalaues,  or, 
of  adojjting  a  graded  line,  avoiding  all  the  inclined  planes.  After  exam- 
ining, we  were  unanimously  of  opinion  that  it  was  better  to  abandon  all 
the  inclined  planes  and  adopt  the  general  line  which  had  been  surveyed 
by  Mr.  Paries,  having  a  maximum  gradient,  on  the  eastern  side,  of 
seventy-five  feet  per  mile,  and  on  the  western  side  of  fifty-two  and  eight- 
tenths  feet  per  mile  ;  and,  at  the  request  of  the  other  members,  I  wrote 
the  report  at  Altoona,  upon  which  the  Legislature  ordered  the  immediate  • 
construction  of  the  graded  road,  which  was  then  at  once  constructed 
under  the  superintendence  of  Mr.  Paries. 

This  new  State  railroad  and  the  Pennsylvania  Railroad  crossed  the 
summit  of  the  mountain  within  about  half  a  mile  of  each  other  ;  the  latter 
being  the  furthest  north,  and  both  having  summit  tunnels  on  the  eastern 
approaches,  the  Pennsylvania  Railroad  tunnel  being  3,750  feet,  and  the 
State  tunnel  1,850  feet  long.  The  two  roads  are  in  sight  of  eacli  other 
for  several  miles  east  of  the  summit,  occupying  op^Dosite  sides  of  a  deep, 
romartic  gorge  ;  while  on  the  Avestern  slo^je  of  the  mountain  they  were 
for  miles  laid  side  by  side,  both  passing  down  the  Valley  of  the  Cone- 
maugh,  to  Johnstown.*    Pew  travelers  who  view  the  beautiful  scenery 


*  At  the  time  that  the  above  Commission  were  engaged  in  examining  the  questiolis  sub- 
mitted to  them,  I  received  a  letter  from  my  friend  J.  Edgar  Thomson,  President  of  the  Penn- 
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•  of  this  part  oi  the  Allegheny  Mouiitaius  avc  aware  that  there  are  two 
imjfortant  railroads,  now  dead,  almost  in  sight. 

Soon  after  the  completion  of  the  new  graded  railroad  over  the  moun- 
tain, built  by  the  State,  and  the  abandonment,  excejjting  at  a  few 
points,  of  the  once  famous  "Allegheny  Portage  Railroad,"  the  public 
works  of  Pennsylvania  were  sold,  and  the  Pennsylvania  Railroad  Com- 
pany became  the  owner  of  all  the  State  railroads  and  canals  between 
Philadelphia  and  Pittsburgh. 

That  company  shortly  after  abandoned  the  use  of  the  new  State  rail- 
yoad,  took  up  its  excellent  rails,  and  transferred  them  to  the  Pittsburgh, 
Port  Wayne  and  Chicago  line  ;  and  thus  ended  the  last  vestige  of  State 
railroad  operations  in  Pennsylvania.  I  therefore  literally  attended  at 
the  birth  of  Peniisjdvania  State  railroads,  assisted  them  in  their  youth 
as  well  as  in  their  mature  growth,  and  witnessed  their  final  obsequies  ; 
all  in  a  period  of  about  twenty-five  years. 

In  the  fall  of  1857,  I  was  invited  to  visit  Brazil  to  examine  the  "  Dom 
Pedro  Segun da  Railway,"  for  the  purpose  of  offering  proposals  for  its 

•  construction  across  the  "Sierra,"  back  of  Rio  Janeiro.  I  sailed  in 
December  of  that  year,  and  arrived  there  in  January,  1858.  In  May, 
1858,  in  company  with  five  other  gentlemen,  all  of  the  United  States,  I 
closed  the  contract,  in  the  City  of  Rio  Janeiro,  with  the  "Dom  Pedro 
Segunda  Railway  Company,"  for  the  construction  of  their  road. 

That  road,  at  that  time,  was  regarded  as  the  most  difficult  and  expen- 
.sive  railway  of  the  period  ;  though  since  then  more  difficult  and  more 
costly  works  have  been  projected  and  carried  through  in  Europe,  and 
some  with  even  bolder  features  have  been  constructed  on  the  Pacific 
coast  of  South  America.  The  limit  of  grade  and  curvature  adopted  on 
the  Dom  Pedro  Segunda  Railroad  was  the  same  as  had  been  used  on  the 
Pennsylvania  Railroad  in  cros.sing  the  Allegheny  Mountain  above  Al- 
toona,  namely,  ninety-five  feet  per  mile  on  tangents,  and  curves  of  eight 
degrees  deflection  jjer  liundred  feet.  This  limitation  in  the  case  of  the 
Dom  Pedro  Segunda  Railway,  with  the  very  rough  topography  of  that 

.•sylvauia  Railroad  Company,  to  the  effect  that  that  company  was  then  entertaining  serious 
thoughts  of  huW&ing  &n  inclined  plane  raih'oad  over  the  mountain,  for  their  freight  business; 
\inder  the  impression  that  it  would  he  cheaper  to  transport  freight  that  way  than  by  their 
nraded  road.  It  is  of  course  a  question  for  discussion.  Our  calculations  at  the  time,  however, 
showed  that  the  State  could  transport  cheaper  on  the  graded  road  having  a  maximum  grade 
of  75  feet  per  mile  than  it  could  ou  the  road  with  inclined  planes.  At  that  period  the  State 
and  the  railroad  company  stood  in  the  attitude  of  rivals  for  the  great  trade  of  the  West  pass 
ing  over  the  Allegheny  Mountain.  There  is,  or  should  be,  a  history  of  the  sale  of  the  public 
works  of  the  State  ;  but  it  does  not  properly  belong  here. 
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region,  involved  a  large  amount  of  very  heavy  work,  deep  granite  rock 
cutting  and  very  high  fills.  There  were  thirteen  tunnels  in  the  space  of 
nine  miles  of  the  mountain  division,  one  of  which,  at  the  summit^  was 
seven  thousand  two  hundred  feet  long  ;  another  nearly  half  a  mile,  the 
residue  shorter ;  making  together  three  and  a  half  miles  of  tunnel  in 
nine  miles  of  line. 

AboiTt  the  year  1863-64,  the  road  being  Avell  advanced  on  the  eastern 
or  ocean  side  of  the  mountain,  and  considerably  forward  on  the  western 
or  Parahyba  Valley  side,  it  became  obvious  that  time  and  money  might 
be  saved  to  all  parties  by  the  construction  and  use  of  a  temporary  track 
around  the  Tunel  Grande,  or  "Big  Tunnel,"  as  we  Americans  called  it ; 
and  the  railway  company  consented  to  allow  the  sum  of  about  $125,000 
toward  building  such  temporary  road.  It  was  accordingly  constructed, 
with  maximum  grades  of  about  238  feet  per  mile,  with  curves  of  only 
230  feet  radii.  The  summit  of  the  mountain  which  had  to  be  surmounted 
was  about  500  feet  above  the  grade  of  the  railway  at  the  eastern  por- 
tal of  the  Big  Tunnel.  The  length  of  the  temporary  track  was  about  five 
mUes,  three  of  which  were  on  the  eastern,  and  two  on  the  western  side. 
This  track  was  used  more  than  tAvo  years,  during  which  a  large  amount  of 
material,  including  the  iron  rails  for  the  Avesteru  side  of  the  main  line,  Avas 
carried  over  ;  and  much  freight,  especially  coflfee,  and  many  passengers 
Avere  daily  transported  upon  it ;  and  no  accident  ev^er  occurred. 

The  locomotives  were  built  by  Baldwin  k  Co.,  of  PhUadeliihia.  They 
Avere  Moguls,  and  Aveighed  42  tons  each.  They  turned  the  curves 
easily,  and  usually  took  over  a  baggage  car,  an  eight-wheeled  American 
passenger  ear,  and  four  or  five  large  four-wheeled  freight  cars.  They 
Avere  limited  to  a  slow  rate  of  running,  about  five  to  six  miles  an  hour  ; 
though  they  could  have  run  somewhat  faster,  had  it  been  desirable  ;  bait 
absolute  safety  was  deemed  an  essential  element  in  the  management  of  a 
great  and  novel  work  among  a  people  Avho  Avere  yet  unaccustomed  to  rail- 
roads ;  many  of  Avhom  persisted  in  declaring  that  they  "would  never 
ride  under  the  Sierra  through  the  Big  Tunnel !  " 

It  may  as  well  be  stated  that  although  a  chartered  comj^any  inter- 
vened between  the  contractors  Avho  [Avere  building  the  raihvay  and  the 
Oovernment  of  Brazil,  the  government  itself  Avas  the  real  part3^  The 
government  guaranty  of  seven  per  cent,  per  annum  interest,  made  the 
stock  worth  several  per  cent,  above  the  par  of  gold  in  the  British  mar- 
ket, and  it  was  well  understood  that  on  the  completion  of  the  raihvay 
the  government  Avould  take  j^ossession  and  run  it,  Avliich  it  did. 
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The  Emperor,  "Dom  Pedro  Segunda,""  whose  name  the  railway  bears, 
was  uot  one  of  that  class  who  entertained  any  apprehension  about  riding- 
thi'ough  the  Big  Tunnel ;  although  at  that  period  he  had  uot  visited 
Europe. 

[Eecently  the  people  of  the  United  States  and  of  the  principal  coun- 
tries of  Euroi)e  have  had  oiiportunities  of  seeing  what  manner  of  man 
the  Emperor  of  Brazil  is— intelligent  and  studious,  yet  full  of  energy 
and  life,  quick  to  i^erceive,  and  remarkably  ready  in  the  comprehension 
of  all  improvements  calculated  to  elevate  the  standing  of  the  Brazilian 
Empire.] 

Diaring  the  progress  of  the  railway  works  the  Emperor  visited  the 
line  several  times  in  person,  riding,  wherever  it  was  practicable,  on 
horseback  or  muleback,  and  walking  where  it  was  otherwise,  in  tun- 
nels, etc.,  and  critically  inspecting  every  part,  and  asking  very  practical 
questions.  Without  the  slightest  hesitation  he  descended,  in  the  ordi- 
nai'y  cage,  the  wet  shafts  of  the  Tanel  Grande,  340  feet  in  dej^th.  When 
the  time  came  for  blowing  away  the  last  remaining  barrier  of  rock — 
only  three  or  four  feet  thickness  of  granite  to  open  a  continuous  j^ass- 
age  through  the  main  tunnel,  the  Emperor  was  there  ;  he  w^alked  up  to 
the  solid  face,  listened  to  the  sound  of  a  hammer  on  the  other  side,  saw 
the  drill-holes,  Avhicli  were  loaded  and  partly  loaded,  and  then,  step- 
ping back  a  few  hundred  feet  behind  a  safety  barricade,  awaited  the 
fixing,  which  a  few  minutes  later  took  place  ;  and  the  Emperor  was  the 
first  man  to  pass  through  the  space  which  the  blasting  had  made  ;  the 
writer  following  closely,  accompanied  him  through  to  the  other  side, 
whei'e  we  met  and  were  assisted  over  the  debris  by  Mr.  Boyd,  the  man- 
ager of  the  western  jiortion  of  the  tunnel ;  the  whole  party  then  walked 
through  the  temporarily  illuminated  tunnel  to  the  western  jjortal.  This 
was  not  so  grand  a  display  as  that  which  took  place  a  year  or  more  later, 
when  the  imperial  train  of  cars  inaugurated  the  final  complete  opening  ; 
but  it  served  to  show  most  strikingly  the  very  ^jractical  character  of  the 
Emperor. 

The  temporary  track  over  the  mountain  was  used  for  a  considerable 
time  after  daylight  first  shone  through  the  tunnel;  for  very  much  still 
remained  to  be  accomplished  inside.  Strange  as  it  may  seem,  this  gran- 
ite mountain,  where  it  was  highest,  about  five  hundred  feet  above  the 
tunnel  grade,  instead  of  being  very  solid,  as  it  had  been  anticipated  it 
would  be  in  the  line  of  the  tunnel,  consisted  of  very  wet,  partly  decom- 
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posed  gi'anite,  snl)ject  to  heavy  caving  and  sliding,  and  requiring  a  large 
amount  of  stone  arching  and  side  walls.  This  delayed  the  comijletion 
and  augmented  the  cost.  The  entire  construction,  including  the  sinking 
of  the  four  working  shafts,  occupied  about  seven  years.  The  credit  of  the 
admirable  management  of  this  difficult  tunnel  work  belongs  chiefly  to 
Jacob  Huml)ird,  now  of  Cumberland,  Maryland.  Mr.  Humbird's  earliest 
tunnel  experience,  when  he  was  a  very  young  man,  was  in  connection  with 
the  first  regular  railroad  tunnel  in  the  United  States,  already  referred  to, 
in  1831,  on  the  Allegheny  Portage  Eailroad,  as  a  foreman.*  Afterward 
he  had  large  experience  upon  tunnels  on  the  Baltimore  and  Ohio  Kail- 
road,  under  Mr.  B.  H.  Latrobe,  C.  E. 

On  the  Baltimore  and  Ohio  Eailroad,  upon  which  Mr.  Latrobe  was 
so  long  its  distingTiished  chief  engineer,  the  experience  in  the  use  of 
heavy  inclines  on  temporary  tracks  was  much  more  complete  than  any 
with  which  I  had  personal  coniiection,  or  than  has  occurred  anywhere 
else,  so  far  as  I  know,  where  freight  and  passengers  have  been  regularly 
conveyed  by  locomotives.  Until  it  was  mentioned  by  a  member  at  the 
last  meeting  I  was  not  awai'e  that  a  portion  of  the  grade  on  the  tempo- 
rary track  at  Kingwood  Tunnel,  on  the  Baltimore  and  Ohio  Railroad, 
was  so  great  as  10  feet  j)er  hundred,  or  528  feet  per  mile.  I  had  been 
under  the  impression  that  the  heaviest  grade  on  the  Baltimore  and  Ohio 
Road,  where  steam  had  been  used,  was  at  Parvus  Ridge,  only  about  3G0 
feet  per  mile. 

I  have  since  seen  a  printed  copy  of  Mr.  Latrobe's  admirable  paper  on 
the  subject — which  he  kindly  sent  me,  and  which  was  published  in  the 
Railroad  Gazelle  of  December  5th,  1874,  which  gives,  in  the  clearest  man- 
ner, all  the  i^articulars,  with  maps  and  profiles  of  the  main  line,  both  at 
"Kingwood"  and  "Board  Tree  Tunnel." 

I  may  be  permitted  to  quote  a  few  points.  In  regard  to  "Parr's 
Ridge,"  Mr.  Latrobe  wrote,  referring  to  Kingwood  and  Board  Tree 
Tunnel  grades: 

"The  occasions  referred  to  were  not  indeed  the  first  upon  which  loco- 
"  motives  had  ascended  steep  inclines,  for  one  of  the  little  8-ton  grass- 
"  hopper  engines  of  the  Baltimore  and  Ohio  Railroad  has  mounted  and 
"  descended  the  original  grades  of  that  road  across  Parr's  Ridge  (one  of 

*  That  tunnel  was  constructed  under  the  immediate  charge  of  Mr.  S.  W.  Roherts,  C.  E.,  as 
principal  assistant  under  Mr.  Sylvester  Welch,  C.  E.,  the  Chief  Engineer.  It  was  901  feet  long 
and  had  a  double  track  through  it.     It  was  25  feet  w'ide. 
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"  which  was  360  feet  i)ev  mile,  since  suiJerseded  by  one  of  82  feet).  An 
"  engine  of  some  10  tons,  built  by  the  late  William  Norris,  had  also 
"  ascended  the  old  Schuylkill  inclined  plane  near  Philadelphia,  and  no 
'•  doubt  those  experiments  upon  a  small  scale  encouraged  those  upon  a 
"  more  extended  one  of  which  I  have  given  the  preceding  account." 

The  letter  of  Mr.  Latrobe,  just  mentioned,  is  the  most  interesting, 
complete  and  satisfactory  presentation  of  experience  on  steep  inclines 
used  by  locomotives  that  I  have  ever  seen.  It  should  be  read  by  everj^ 
member  of  our  Society  who  feels  interested  in  this  particular  subject. 

"At  Kingwood  Tunnel,  on  the  Baltimore  and  Ohio  Railroad,  the  toji 
of  the  ridge  was  210  feet  above  level  grade  of  road  at  east  end  of  tunnel. 
Temporary  track  on  the  east  side  reached  summit  in  3,400  feet.  Grade 
first  2,200  feet,  not  uniform — steeper  at  first,  then  more  moderate,  till 
90  feet  height  attained;  average,  216  feet  per  mile.  Bemaining  1,200 
feet  distance  and  120  feet  heir/ Jet,  528  feet  per  mile,  completed  in  a  curve 
of  180  degrees,  with  a  radius  of  300  feet  and  400  feet." 

A  grade  of  1  in  10  on  a  curve  of  only  300  feet  radius  rei|uires  greater 
power  to  overcome  gravity  and  friction  than  one  of  10]  feet  per  100  of 
straight  track. 

The  average  ascent  of  the  whole  3,400  feet,  on  the  east  side,  was  at 
the  rate  of  336  feet  per  mile,  but  the  test  of  the  power  of  the  locomotive 
was  on  the  "  1.200  feet  length  of  1  in  10  grade,  on  a  radius  of  300  and 
400  feet." 

Look  at  tiie  work  performed  : 

An  engine  of  28  tons  (56,000  lbs.),  tender  34,000  lbs.,  car  of  iron  and 
other  materials  at  30,000  lbs. ;  total  120,000  lbs.,  or  60  tons  of  2,000  lbs. 
taken  up  a  grade  of  528  feet  per  mile,  through  a  curve  of  300  feet  radius. 
"  The  grade  and  curvature  on  the  west  slope  were  much  lighter  than  on 
the  east  slope  ;  falling  305  feet  in  7,000  feet ;  averaging  1  in  23,  or  about 
230  feet  per  mile." 

Mr.  Latrobe  states  that  the  steep  grade  was  used  about  two  months 
in  1852  ;  and  that  afterward  an  imju'oved  temporary  line  track  reduced 
the  grade  from  528  to  230  feet  per  mile. 

At  "  Boqrd  T'ree  Tunnel,^''  Mr.  Latrobe  describes  another  "  temporary 
track,  having  a  grade  of  1  in  20,  or  264  feet  per  mile,  overcoming  328 
feet ;  with  two  switch  backs  on  the  east  and  five  on  the  west  side. 
Maximum  grade  6  feet  per  100,  or  316  n,  feet  per  mile,  other  reaches  4 
feet  per  100,  or  211  feet  per  mile.     Engine  56,000  lbs.,   tender  34,000 
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lbs.,  two  loaded  cars  30,000  lbs.  each  ;  total  150,000  lbs.,  or  75  net  tons. 
When  pressed,  another  car  could  be  added,  and  still  another." 

Mr.  Latrobe,  in  his  able  paper,  refers  also  to  a  pamphlet  published 
by  the  late  Charles  Ellet,  C.  E.,  in  185G,  entitled  "  Mountaix  Top 
Tkacks." 

Since  this  paper  was  read  before  the  Society  the  profession  of  civil 
engineers  has  been  called  to  mourn  the  death  of  Mr.  Latrobe. 

Mr.  Latrobe,  very  shortly  before  his  last  illness,  mentioned  to  the 
writer  that  he  had  promised  to  prei^are  an  article  embodying  some  of 
his  early  engineering  experiences,  to  be  i^ublished  in  the  "Railroad 
Gazette."  His  death  has  therefore  deprived  the  profession  of  "expe- 
riences" which  would  doubtless  have  been  interesting  and  valuable. 

There  are  some  of  our  older  engineers  yet  living,  who  might  confer 
lienefit  by 'gathering  together  and  publishing  for  preservation  and  future 
reference  the  engineering  experience  of  their  early  days.  In  the  course 
of  events  but  a  few  years  can  elapse  ere  all  the  engineering  pioneers 
of  our  country  will  have  departed. 
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ON  INCLINED  PLANES  FOR  RAILROADS. 

Bv  O.  Chanute  and  William  H.  Paine. 


Mr.  O.  Chanute  :  The  valuable  paper  contributed  by  Mr.  "Wells, 
and  the  very  interesting  reminiscences  of  early  American  achievements 
in  railroad  operating  which  it  has  called  forth  from  the  members  of  the 
Society  seem  to  me  to  fully  confirm  the  conclusion  already  reached  by 
railway  managers  the  Avorld  over,  that  the  frietional  adhesion  of  loco- 
motive driving  wheels  upon  the  rail  is  sufficient  to  Avork  almost  any 
gradient  likely  to  be  found  necessary  in  practice,  and  is  upon  the  whole 
much  the  most  economical  to  adopt. 

Other  methods  of  traction,  such  as  pneumatic  tubes,  ropes,  griping 
wheels  upon  a  central  rail,  and  racks  and  cog  wheels  have  gradually 
been  given  up,  as  ineffectual  and  uneconomical  complications  ;  except 
perhaps  for  gradients  of  15  or  20  feet  per  hundred,  as  at  Mount  Wash- 
ington and  at  the  Kighi,  where  the  latter  method  is  in  use.  We  findl 
that  at  Madison,*  u^jon  a  grade  of  G  feet  per  hui)dred,  fi-ictional  traction 
has  superseded  the  rack  and  cog  Avheel,  and  I  believe  that  in  all  cases 
where  the  topography  of  the  country  compels  the  use  of  gradients  of 
say  4  or  5  feet  per  hundred,  the  weight  of  the  boiler  and  working  jjarts, 
necessary  to  generate  and  apply  the  power  reqiiired,  will  be  found  suffi- 
cient to  give  the  necessary  adhesion  to  utilize  that  power. 


*  See  Transactions,  Vol.  Vll,  page  6<.— (March,  1878.) 
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This,  in  a  measure,  results  from  the  imiirovemeuts  which  modern 
practice  has  introduced  in  locomotives.  These  consist  mainly  in  a  better 
distribution  of  the  weights  upon  the  driving  wheels,  and  in  America, 
especially,  in  equalizing  them  by  levers  connecting  the  drivers  with  each 
•other,  so  as  to  keep  the  relative  weights  upon  them  constant,  while 
allowing  them  to  adjust  themselves  to  the  inequalities  of  the  track. 

These  equalizing  levers,  together  with  the  centre-bearing  truck  un- 
der the  front  end  of  the  engine,  constitute  the  leading  features  of  the 
American  locomotive,  which  is  undoubtedly  more  effective  for  a  given 
weight  than  the  type  still  adhered  to  by  the  Europeans. 

In  the  early  days  of  railroads  it  was  assumed  that  an  adhesion  of 
i  or  ^  of  the  weight  upon  the  driving  wheels  was  a  satisfactory  perform- 
ance. In  France  and  in  England,  at  the  jjresent  day,  the  ordinary 
practice  is  to  estimate  for  an  adhesion  of  -Jr  or  4 ,  Avhile  our  locomotives 
Avork  up  regularly  to  5  in  summer  and  4^5  in  winter,  of  the  weight  on 
the  drivers,  with  occasional  performances  much  in  excess. 

The  account  given  of  the  trial  trip  at  Madison  is  a  good  case  in 
point. 

Upon  the  9th  of  April,  1875,  the  engine  took  210  tons  (including  its 

own  weight),  iip  a  grade  of  ri~.z  or  6.06  feet  per  hundred,  on  a  straight 

line,  at  a  speed  of  6  miles  per  hour.     The  resistance  may,  therefore,  be 

•estimated  as  follows  : 

,,       .,       6.06  X  2000       1..-,  on  1  4. 

Gravitv,  .  =  121.20  pounds  per  ton. 

*  '  100  ^  ^ 

Wheel   friction  generally      =      G.  "         "       << 

Atmospheric  resistance,  say  =      1.80       "         "       " 


Total  resistance,     129. 

Traction  =210  tons  X  129  pounds  =  27090  pounds. 

As  the  engine  weighed  112  000  pounds  or  56  net  tons. 

AJi      •  27090  1  1  , 

Adhesion,   =  =  or  nearly  one  quarter. 

112000         4.13  -^  ^ 

Recent  i^erformances  on  the  Boston  and  Albany  Railroad  gave  an 
adhesion,  if  I  remember  rightly,  of  -r'-, while  on  the  3d  of  July,  1877,  the 
"  Mugid"  locomotive  "  Oakland,^^  started  from  a  stand  still  "  on  a  grade 
"of  83  feet  j^er  mile,  combined  with  a  2-degree  curve,  45  empty  eight- 
"  wheeled  cars,  weighing  669,500  pounds,  or  331.75  net  tons,  and  with- 
"  out  slipping  her  drivers  took  the  train  up  and  beyond  the  gradient, 
"something  more  than  half  a  mile,  gaining  speed  and   steam   as  she 
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"went,"  as  reported  by  Mr.  J.  M.  Goodwin,  Engineer  of  the  Sharps- 
ville  and  Oakland  Railroad,  in  a  letter  recently  printed  by  the  builders^ 
of  the  locomotive.  • 

As  the  gradient  is  one  of  1.58  feet  per  100,  the  resistance  is  estimated 

as  follows  : 

^       .,     1.58x2000       „_^  ^ 

Gravity — — =  .31.60  pounds  per  ton. 

2  degree  curve  at  h  pound  per  ^,       1.00        "         <•     <« 

Wheel  friction,       6.00         "         "     •' 

Atmospheric  resistance,  say,       1.40         "         "     •' 


Total  resistance,     40.00 
Traction— Train . .  334.75  tons. 
Engine,    33.50*  " 
Tender,     15.00     " 


Total,      383.25  tons  X  40  pounds  =  15,320  pounds. 

A'lhesion 15,320  lbs.         1         ,.       .     ,,      . 

„^  .  ,  ,  .  „„       ,  „      =„  ^;^  ratio  of  adhesion. 

Weight  on  drivers. .  57, 000  lbs.       3. 72 

A  performance  by  no  means  to  be  regarded  as  singular,  as  the  new 

"  consolidation  "  engines  upon  the  Erie  Eailway  work  regularly  up  to  a 

maximum  traction  of  19,500  pounds,  as  measured  by  the  dynamometer 

and  have  occasionally  indicated  22,000  and  24,000  pounds,  with  a  weight 

upon  their  eight  driving  wheels  of  87,500  pounds. 

19,500  1 

In  this  case  the  adhesion  is  „_  _- ;-  =  ,  -.>, 

87,500      4.49 

The  usual  method  of  computing  train  resistances  being  to  allow  10  or 
10^^  j)ounds  per  ton,  while  I  have  above  stated  the  wheel  friction  at  only 
6  pounds  i^er  ton,  it  may  be  well  to  explain  how  it  is  arrived  at. 

In  1854  the  late  Mr.  Zerah  Colburn  made  a  number  of  careful  experi- 
ments on  the  Erie  Railway,  from  which  he  deduced  the  conclusions  that 
the  resistance  from  wheel  friction  uiaon  a  straight  line  was  4^  pounds 
per  ton,  and  on  curves  I  pound  per  degree  in  addition. 

The  train  which  he  experimented  with,  however,  was  specially  pre- 
pared for  the  occasion,  and  more  perfect  in  lubrication  and  fitting  of 
journal  bearings  than  those  met  with  in  ordinary  practice.  We  find,  by 
recent  experiments  with  a  dynamometer  upon  the  Erie  Eailway,  that  the 
wheel  friction  of  ordinary  trains  on  a  straight  line  is  generally  5i 
pounds  per  ton,  but  we  call  it  H  pounds  to  be  safe.     We  find  also  that 
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the  additional  curve  resistance  is  as  near  as  may  be  i  jjound  per  ton  per 
degree,  as  stated  by  Mr.  Colbnrn. 

The  atmospheric  resistance  varies,  of  course,  with  the  square  of  the 
speed,  or  nearly  so,  as  it  is  mainly  composed  of  the  end  i^ressure,  varying 
as  the  square  of  the  speed,  and  the  friction  of  the  air  upon  the  sides  of  the 
ti'ain,  which,  in  consequence  of  the  gaps  between  the  ends  of  the  cars  it 
is  diflSeult  to  estimate  accurately.  We  found  that  with  two  empty  freight 
cars,  at  30  miles  an  hour,  the  atmosj^heric  resistance  was  700  pounds,  and 
with  20  empty  cars  at  the  same  speed  it  was  900  pounds.  In  the  first  in- 
stance it  was,  therefore,  35  pounds  per  ton,  and  4j  pounds  j^er  ton  in  the 
second.  But  if  the  cars  had  been  loaded  it  would  have  been  no  more  in 
the  aggregate,  and  expressed  in  terms  of  the  tonnage,  would  have  been 
111  and  2i  pounds  per  ton  respectively. 

As  the  end  surface  of  a  freight  car  is  about  100  square  feet,  and  the 
air  pressure  due  to  a  speed  of  30  miles  an  hoiir  is  4.43  pounds  i^er  square 
foot,  it  will  thus  be  seen  that  the  atmospheric  end  resistance  was  443 
pounds,  while  the  remaining  257  jjounds  in  the  first  case,  and  457 
l^ounds  in  the  latter  ease  were  due  to  the  friction  against  the  sides  and 
the  pressure  against  the  partly  uncovered  ends  of  the  cars  succeeding  that 
on  the  front  end  of  the  trains.  For  ordinary  loaded  trains,  consisting  of 
25  to  40  loaded  cars,  we  usually  allow  from  2  pounds  to  1.20  pounds  jier 
ton  for  atmospheric  resistance,  at  speeds  varjdag  from  15  to  25  miles  per 
hour. 

To  the  question  asked  by  one  of  the  members  present,  as  to  what 
gradient  is  required  to  work  a  railroad  by  gravity,  I  would  answer,  that 
if  the  wheel  friction  is  correctly  stated  at  6  2)ounds  per  ton,  the  equiva- 
lent angle  of  repose  would  be  0.30  per  100  feet,  or  16  feet  per  mile  on  a 
straight  line.  The  curves  adding  a  resistance  of  a  half  pound  per  degree, 
would,  if  ruling  at  4  degi-ees,  or  1  432  feet  radius,  add  2  jiounds  pev  ton 
to  that  on  a  straight  line,  or  0.10  per  100  feet,  thus  making  the  angle  of 

repose         i,  ,u[i\    -=0.40  =  21.12   feet  per  mile,  while,  when  we   take 

into  account  the  atmosi:)heric  resistance  at  25  or  30  miles  per  hour,  and 
the  expediency  of  having  a  surplus  power  (to  be  controlled  by  brakes), 
in  order  to  start  the  cars  promj^tly,  and  to  get  the  trains  out  of  the  way 
of  those  following  them,  we  find  that  in  practice  we  need  gradients  of 
aboiit  40  feet  per  mile  to  work  trains  by  gravity,  which  corresponds  to  a 
resistance  of  15.2  jwunds  per  ton,  or  0.76  per  100  feet. 
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Mb.  WilijIam  H.  Paine, — I  have  visited  a  number  of  inclined  planes 
■within  the  past  few  years,  for  the  purpose  of  investigating  the  subject  of 
■wire  rope  traction. 

The  most  extensive  and  best  appointed  of  those  which  I  have  seen 
operated  in  this  manner  are  located  on  the  Central  Railroad  of  New 
Jersey,  at  Solomon's  Gap,  near  Wilkesbarre,  Pa. 

There,  by  three  inclines,  a  height  of  more  than  1 000  feet  is  attained 
in  less  than  3  miles  thereby  avoiding  a  detour  on  the  main  line  of  13 
miles.     This  short  cut  is  devoted  to  coal  traffic. 

The  principal  characteristics  of  these  planes  are  as  follows  : 


PLANE. 

LENGTH. 

RISE. 

Per  cent. 

9.28 

14.65 
5:70 

RISE. 

FALL. 

LOAD. 

No.  1 '.  . . 

Feet. 
3  700 

600 

3  (100 

720 

5  000 

Feet. 
334.7 

422   2 

26y. 

Feet. 
5.40 

6.75 

Tons. 
144 

Level 

Ni).  2 

Level 

99 

No.  3    

198 

Total 

13  020 

1025.9 

12:15 

Incline  No.  1  was  operated  with  an  iron  wire  rope  2i"  diameter. 
One  rope  had  hauled  7  000  000  tons  before  it  was  laid  aside.  The  average 
speed  was  6  miles  i^er  hour.. 

The  method  here  employed,  as  on  most  other  such  planes,  was  the 
alternating  system.  After  the  train  was  hauled  up,  the  cars  were  rim 
back  by  reversing  the  engine.  A  dummy,  or  pusher,  was  permanently 
attached  to  the  rope,  which  pushed  the  cars  before  it  in  ascending. 

The  advantages  of  a  circulating  system  over  this  method  seemed  very 
apparent,  as  then  the  roi^e  would  run  continuously  in  one  direction,  the 
loaded  cars  ascending  on  one  track  and  the  empty  cars  descending  on 
another. 

The  one  thing  required  to  make  such  a  plan  practicable  was  a  suitable 
attachment  by  which  the  cars  could  be  secured  to  the  rope  in  such  a  man- 
ner as  to  allow  them  to  start  slowly  and  gradually  acquire  the  full  speed 
of  the  rope. 

This  I  have  been  able  to  accomplish  l)y  the  folio  whig  device.     (See 


riG.  3. 
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ciit.)  In  a  frame  attached  under  the  front  end  of  a  car  are  one  or  more- 
pairs  of  grooved  rollers,  so  placed  as  to  embrace  the  moving  rope  between 
their  grooved  faces.  Brakes  are  applied  to  these  rollers  so  as  to  press 
them  against  the  rope  more  tightly  and  at  the  same  ti  r.  e  retard  their 
motion.  This  causes  the  car  to  start,  and  its  speed  to  be  accelerated  in 
proportion  to  the  amount  that  the  rollers  are  retarded  in  their  revolutions. 
When  the  revolutions  of  the  rollers  are  wholly  stojiped  the  car  will  have 
acquired  the  full  speed  of  the  rope. 

Kefebences. 

li. — The  moving  rope. 

PP. — The  grooved  rollers. 

LL.  —Links  carrying  the  rollers  and  pivoted  on  the  frame  at  their 
other  ends. 

BB. — Brakes  operating  against  the  rollers. 

^4. — Rod  or  cai^stan  on  which  the  chains  are  wound  which  move  the 
brakes. 

When  the  car  is  stationary,  and  the  brakes  free,  the  rollers  will  be  re- 
volved by  the  moving  rope  ;  but  by  applying  the  brakes,  so  as  to  retard 
the  motion  of  the  rollers,  the  car  will  move  forward  at  any  desired  speed 
up  to  that  of  the  rope. 

This  system  hiis  Ijeen  adopted  on  the  Sutter  Street  Railroad  in  San 
Francisco,  wlier(i  it  has  been  in  successful  operation  for  more  than  a 
year. 

The  Superintendent  writes  that  nothing  better  could  be  devised.  It 
will  tuke  a  heavy  load  up  the  steepest  grades  on  the  road,  and  run  at  any 
s^jeed  desired  equal  to  or  less  than  the  speed  of  the  cable  without  wearing 
the  rope  or  cutting  the  rollers. 

I  have  collated  the  characteristics  of  this  road,  and  also  of  the  Clay 
Street  Road,  which  latter  is  run  by  brakes,  engaging  the  rope  directly 
without  intervening  sheaves. 

A  jjeculiarity  of  both  of  these  roads  is  the  fact  of  running  the  rope- 
under  ground  in  a  large  tube  having  a  narrow  slit  along  the  top,  through 
Avhich  passes  the  stem  which  carries  the  attachments. 

Sutter  street  inclines  are  5,315  feet  long  ;  steepest  grade,  7.27  feet  per 
hundred. 

Clay  street,  length  .3, .389  feet  ;  steepest  grade,  16  feet  i^er  hundred. 

I   find  a  d  -script ion  with  plates  of  both  these  roads  in  Annales  des 
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Fonts  et  Chamses  for  November  last.     Photographs  are  also  at  the  rooms 
of  the  American  Society  of  Civil  Engineers. 

This  method  of  attaching  cars  to  moving  ropes  seems  capable  of  a 
wider  application  than  simply  npon  inclined  planes,  as  there  are  many 
other  places  where  it  would  be  desirable  to  disjjeuse  with  the  locomotive, 
if  possible,  as  on  elevated  railroads,  on  bridges,  and  in  tunnels. 
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(Vol.  Vn.— August,  1878.) 

DISTRIBUTION  OF  lUm-FALL  DURING  THE  GREAT  STORM 
OF  OCTOBER  3  AND  4,  1869. 

By  James  B.  Feancis,  C.  E.,  Member  of  the  Society. 
Read  at  the  Tenth  Annual  Convention,  June  18th,  1878. 


In  the  construction  of  catch-water  reservoirs,  mill  dams,  culverts  in 
railway  and  other  embankments,  and  many  other  works,  provision  has  to 
be  made  for  the  maximum  flow  of  water.  In  small  areas  this  depends, 
to  a  great  extent,  on  the  maximum  rain-fall  in  a  given  time. 

The  proportion  of  the  rain-fall  that  flows  off  during  a  given  time 
varies  very  much,  depending  on  the  extent  and  character  of  flie  water- 
shed and  other  circumstances.     In  each  case  the  various  considerations 
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aflfecting  it  have  to  be  taken  into  account  in  deciding  on  the  flow  that 
should  be  provided  for. 

In  small  areas  the  fundamental  datum  is,  however,  the  amount  of 
rain-fall  to  which  the  locality  is  liable  in  a  given  time,  leaving  the  pro- 
portion of  the  same  that  ought  to  be  provided  for,  to  be  determined  by 
experience  or  the  judgment  of  the  engineer. 

As  a  contribution  to  the  knowledge  on  this  subject,  I  submit  to  the 
Society  some  facts  and  deductions  from  the  same,  relating  to  a  great 
rain  that  occurred  in  the  eastern  part  of  the  United  States  in  October, 
1869. 

The  newspapers  of  the  time  contained  accoiints  of  the  great  floods 
that  resulted  from  this  rain  in  various  parts  of  the  country,  and  jDut  it 
beyond  question  that  in  some  localities  it  was  very  extraordinary. 
Being  at  the  time  much  interested  in  the  subject,  I  addressed  a  circiilar 
to  the  meteorological  observers  for  the  Smithsonian  Institution,  in  the 
Eastern  States,  and  other  persons  and  institutions  likely  to  have  observed 
the  amount  of  rain-fall. 

The  following  table  has  been  compiled  principally  from  the  replies  to 
this  circular. 

To  ascertain  approximately  the  areas  on  which  certain  amounts  of 
rain  fell,  I  have  jjrepared  a  map  of  a  large  part  of  the  region  in  which 
the  rain-fall  at  certain  points  was  ascertained. 

This  map  has  been  compiled,  mainly,  from  maps  recently  issued  by 
the  United  States  Post  OflUce  Department.  Several  of  these  maps  are 
on  a  scale  of  six  miles  to  the  inch.  These  have  been  put  together,  and 
the  map  has  been  completed  by  rediicing  those  on  a  different  scale  to 
the  same  scale  of  six  miles  to  the  inch. 

In  this  manner  I  have  ol)tained  a  map  on  an  unusually  large  scale, 
embracing  nearly  the  whole  of  the  New  England  States  and  parts  of 
New  York,  New  Jersey  and  Pennsylvania,  and  from  the  data  contained 
in  the  following  table,  I  have  projected  on  it  isohyetal  lines,  or  lines  of  ^ 
equal  rain-fall,  representing  the  rain-fall  during  this  storm.  A  reduced 
copy  of  part  of  this  map  accompanies  this  paper. 
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It  is  obvious  tliat  the  observations  collected  in  Table  I  are  quite 
insufficient  for  an  accurate  determination  of  tlie  isobyetal  lines,  and 
until  meteorological  observers  are  greatly  mnltiplied,  a  rough  approxi- 
mation is  all  that  can  be  attained  in  such  an  investigation. 

In  projecting  the  lines  it  is  assumed  that  the  amount  of  rain  vaiies 
uniformly  from  one  station  to  the  next.  In  some  cases  the  stations  are 
very  far  apart.  Fortunately  for  our  j^nrpose,  however,  where  the  rain- 
fall was  the  greatest,  the  stations  Avere  not  so  distant  from  each  other, 
and  the  results  may  consequently  be  taken  as  nearer  api^roximations. 

According  to  the  observations,  the  fall  of  rain  was  greatest  at  Canton, 
in  Connecticut,  about  fifteen  miles  northwesterly  of  Hartford,  where  the 
gauge  indicated  12.35  inches. 

Mr.  George  I.  Case,  the  observer,  said  in  rejAj  to  the  circular;  "I 
measured  12.35  inches,  but  I  do  not  think  it  could  possibly  have  been 
so  much.  I  think  there  was  an  unaccountable  mistake  somewhere." 
He  ajDpears  to  have  had  no  reason  to  question  the  accuracy  of  his  meas- 
urement except  the  extraordinary  amount,  but  as  the  observations  at 
other  i^oints  in  the  vicinity,  although  indicating  much  less  rain,  are  con- 
sistent with  it  as  a  culminating  jjoiut,  I  see  no  reason  for  discrediting 
his  observation. 

As  will  be  seen  by  the  preceding  table  of  observations,  the  storm  ex- 
tended southerly  to  New  Jersey,  Pennsylvania,  Maryland,  Washington 
and  Virginia.  I  have,  however,  not  attempted  to  maj:)  its  course  sys- 
tematically, except  in  the  New  England  States,  and  a  small  part  of  the 
State  of  New  York,  in  Dutchess,  (jolumbia,  and  Albany  Counties,  and 
l^arts  of  adjoining  counties. 

Omitting  the  part  of  the  State  of  New  York  and  other  Stafes  not  sys- 
tematically majjped,  it  ajjpears  from  the  isohyetal  lines  that  the  w'ater- 
shed  on  which  six  inches  or  more  of  rain  fell,  is  embraced  in  a  single 
closed  curve,  extending  from  Long  Island  Sound  to  the  northeasterly 
part  of  Maine,  a  distance  of  about  384  miles,  Avith  an  aA'erage  A\'idth  of 
about  63  miles. 

The  area  on  Avhich  seven  inches  or  more  of  rain  fell  is  embraced 
within  tAvo  closed  curves  Avitli  an  interval  between  them,  near  the  middle 
of  Massachusetts,  of  about  30  miles. 

The  area  on  which  eight  inches  or  more  fell  extends  from  Haddam, 
in  Connecticut,  to  Becket,  in  Massachusetts,  a  distance  of  about  65 
miles,  Avith  an  average  breadth  of  about  28  miles. 
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The  area  on  Avliicli  nine  inches  or  more  fell  extends  from  Middle- 
town,  in  Connecticut,  to  the  neighborhood  of  Blandford,  in  Hampden 
County,  Massachusetts,  a  distance  of  about  50  miles,  with  an  average 
width  of  about  21"  miles. 

The  area  on  which  ten  inches  or  more  fell  extends  from  Kensington, 
in  Connecticut,  to  near  Tolland,  Massachusetts,  a  distance  of  about  34 
-miles,  with  an  average  width  of  about  15  miles. 

The  area  on  Avhich  eleven  inches  or  more  fell  is  entirely  within  the 
State  of  Connecticut,  with  Canton  for  its  central  point ;  the  extreme 
length  is  about  20  miles,  and  average  width  about  9  miles. 

Table  II  gives  the  areas  of  water-shed  on  which  rain  of  not  less  than 
certain  depths  fell  during  October  ;3d  and  4th,  1869,  obtained  by  plani- 
meter  and  checked  by  scale  from  the  map  described  above,  all  being 
embraced  within  single  closed  curves,  excej^t  for  seven  inches,  as 
described  above.  It  will  be  understood  that  the  area  given  for  any  rain- 
fall includes  the  entire  area  within  its  bounding  curve,  and,  according  to 
the  method  adopted,  the  rain-fall  on  every  part  of  the  area  equals  or 
exceeds  the  amount  stated. 

For  example,  the  area  for  a  rain-full  of  nine  inches,  or  more,  given  in 
the  table,  is  1,046  square  miles.  This  area  includes  the  519  sqiiare  miles 
given  for  ten  inches,  or  more,  and  that  again  includes  the  179  square 
miles  on  which  the  rain-fall  was  eleven  inches,  or  more. 

Strictly  speaking,  it  is  assumed  that  the  rain-fall  at  the  isohyetal  line 

forming  the  bounding   curve   is  just   the   amount   stated,   and   that  it 

increases  uniformly  to  the  next  included  isohyetal  line,  where  it  is  one 

inch  greater. 

Table      XL 


DEPTH 

OF 

RAIN. 

AREA    OF    WA 

6  inches  oi 

more 

24,431  siiua 

7      " 

9,602 

8      " 

1,824       " 

9      " 

1,04G 

10      " 

519 

11       " 

179 
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In  Table  I  the  fall  of  rain  duving  certain  parts  of  tlie  storm  is  given 
by  some  of  the  observers,  indicating  a  great  inequality  at  different  times. 

At  Concord,  New  Hampshire,  out  of  the  Avhole  rain-fall  of  7.40  inches, 
four  inches  fell  in  two  hours  on  the  afternoon  of  the  second  day  of  the 
storm,  and  undoubtedly  in  many  other  localities  there  Avas  a  like  down- 
pour, and  in  some  places  even  more. 

This  inequality  in  the  rate  has  an  important  bearing  on  the  effect  of 
such  a  storm  on  small  areas. 

The  long  continued  and  heavy  rain  must  have  filled  up  the  ground 
and  usual  storage  reservoirs,  and,  being  followed  immediately  by  a  fall  of 
rain  which  of  itself  would  make  a  flood,  great  i^art  of  the  latter  in  a 
hilly  country  must  have  passed  at  once  into  the  streams,  and  the  flow  in 
the  smaller  streams,  for  some  period  of  time,  must  have  been  nearly  that 
diie  to  the  rate  at  which  the  rain  was  falling  on  the  Avater-shed  supi^lying 
them.  In  the  larger  streams,  supplied  from  correspondingly  larger 
areas,  the  discharge  is  spread  over  a  longer  time,  and  the  rate  of  floAv 
would,  of  course,  be  pro2:>ortionally  less. 
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THE  GAUGING  OF  STREAMS. 

By  CiiEMENS  Hekschel,  C.  E.,  Member  of  the  Society. 
Eead    at    the    Tenth    Annual    Convention,    June    18th,    1878. 


All  I  shall  have  to  say  upon  the  subject  of  the  gauging  of  streams  will 
be  in  the  nature  of  two  simple  suggestions  to  the  Committee,  relative  to 
the  form  in  which  the  records  of  the  gauging  of  streams  should  be 
finally  jjublished. 

In  the  first  place,  as  to  the  measure  to  be  used.  We  had  a  paper* 
not  very  lolig  ago  in  the  Transactions  of  the  Society  on  the  "  Floods  of 


*  See  Vol.  IV,  page  297,  December,  1875. 
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Eivers,"  and,  what  to  me  seemed  somewhat  curious,  the  unit  chosen  was 
"cubic  feet  per  minute  per  acre. '"  Now,  I  think hydrauKc  writers  of  emi- 
nence are  pretty  well  agreed  on  one  thing — that  the  unit  of  measure  for 
running  streams  should  be  cubic  feet  per  second,  and  not  per  minute. 
And  they  are  tolerably  agreed  also  that  the  aci'e  is  a  rather  small  area  by 
which  to  measure  drainage  areas,  and  that  the  square  mile  is  much  better. 
And,  in  fact,  the  "  cubic  foot  per  minute  per  acre  "  sonmls,  to  my  eai's, 
very  much  like  an  importation  from  Great  Britain,  which  is  responsible 
for  a  gTeat  many  very  curious  and  inconvenient  dimensions  in  engineer- 
ing literature.  For  one,  I  hope  that  "cubic  feet  per  minute  per  acre" 
will  be  banished,  and  that  "  cubic  feet  per  second  per  square  mile  "  will 
take  its  place  in  all  these  gaugings,  to  be  suiDplemented  and  eventually 
rejolaced  by  the  cubic  meter  per  second  per  square  kilometer,  or  the  cubit; 
decimeter,  or  liter,  per  second  per  squure  kilometer,  the  latter  being  one 
thousand  times  the  former.     That  is  one  point. 

The  next  point  is  how,  after  the  quantities  are  reduced  to  cubic  feet 
per  second  per  square  mile,  to  portray  the  flow  of  a  river  so  that  its 
principal  features  may  be  arrived  at  in  a  short  time.  Any  one  who 
has  ever  tried  to  testify  about  a  river  in  court,  will  have  noticed,  I  ven- 
ture to  say,  Avhat  an  awkward  thing  it  is,  to  describe  in  a  lucid  manner. 
The  tendency  is  to  speak  of  "the  six  dry  months  and  the  .six  wet 
months" — of  "the  six  summer  months  and  the  six  winter  months." 
Tbese  begin  sometimes  in  one  month  and  sometimes  in  another.  Often- 
times, beginning  with  May,  the  six  months  following  are  called  the  six  dry 
months,  and  the  rest  of  the  year  is  called  the  six  wet  months.  But,  as 
you  will  see  from  this  diagram  (which  I  j^ropose  to  hand  around,  because 
it  cannot  be  seen  from  the  blackboard),  there  is  one  diagram,  of  the 
^lerrimaek  river,  which  was  constructed  for  the  whole  year,  [and  it  is 
nluost  perfect],  merely  from  testimony  in  a  certain  law-suit  relating  to 
what  were  called  the  six  dry  months  of  the  year.  This  refers  to  cases 
tried  recently  against  the  City  of  Boston,  where  the  testimony  was  given 
only  concerning  "the  six  dr^'  months,"  beginning  with  Ma}-,  and  yet 
jimong  those  six  dry  mouths,  so-called,  there  is  the  wettest  month  in  the 
whole  year. 

I  desire  to  accompany  the  statement  just  made  with  an  explanation. 
The  six  months'  observations  that  were  given  in  testimony,  I  have  ar- 
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ranged,  as  nearly  as  I  could,  in  the  order  they  belonged  in  the  whole- 
year,  being  guided  in  this  task  mainly  by  analogy  with  the  Connecticiit 
river  records.  Some  years  the  two  rivers  were  almost  exactly  ahke  in 
having  such  and  such  months  occupy  the  same  jjlaces  in  the  order  of  dry- 
ness or  wetness.  The  exact  final  result  is  that  the  diagram  given  for  the 
whole  year,  and  of  the  Merrimack  river,  is  prohabhj  nearly  correct.  On 
the  Connecticut  river,  May,  1873,  was  the  wettest  month  in  the  whole 
series  of  forty-eight  months,  and  the  other  three  Mays  ranked  each  next 
to  the  wettest  month  in  1871,  '72  and  '74.  These  diagrams  very  well 
illustrate  that  there  is  really  no  such  thing  as  "  the  six  dry  months  "  and 
"the  six  wet  months  "  of  a  year,  taking  them  in  calendar  order.  There 
are,  in  every  year,  the  six  driest  and  the  six  wettest  months,  but  they 
come  in  no  regular  order.  That  brings  me  to  what  I  was  going  to  say — 
that  the  proper  way  to  arrange  the  months  of  the  year  for  the  purposes 
of  hydraulic  engineering  is  to  arrange  them,  not  by  their  names,  and 
not  by  their  division  into  seasons,  but  by  this  very  quality  that  we  are 
investigating,  their  wetness  and  dryness.  Let  us  (-all  the  driest  month 
number  one;  the  next  driest,  be  its  name  what  it  may,  number  two,  and 
the  wettest  will  be  number  twelve.*  In  that  way  we  may  get  a  diagram 
which  will  ccmvey  a  great  deal  of  meaning  to  the  engineer. 

The  diagrams  accompanying  this  are  dra^^•n  for  different  drainage 
areas,  varying  in  the  numbers  of  square  miles  in  each,  in  order  to  see- 
the effect  on  the  discliarge  of  a  river,  taking  it  for  a  number  of  years, 
caused  by  the  size  of  its  drainage  area.  The  diagram  indicates  in  one 
direction  "cubic  feet  per  second  per  square  mile,"  and  in  the  other 
direction  the  relative  discharge  of  the  different  months  in  each  year. 
Each  year  occujiies  twelve  of  the  horizontal  divisions,  "one"  being 
the  driest,  "two"  the  next  driest,  "three"  the  next,  iintil  "twelve'' 
is  the  wettest  mouth  of  the  year.  The  names  of  the  months  are  given 
at  each  plotted  point,  so  that  it  may  be  seen  how  the  wetness  and  dry- 
ness is  distributed  liy  months  for  many  years. 

The  diagram  representing  the  results  derived  from  gaugings  of  the 
flow  of  the  west  branch  of  the  Croton  river  is  drawn  from  data  given  in 
the  paper  upon  that'river,  by  Mr.  J.  J.  R.  Cross,  Transactions,  Vol.  III., 
p.  76,  No.  87.  The  Sudbury  river  diagram  is  founded  upon  data  de- 
rived from  exact  gaugings  of  that  river  by  the  City  of  Boston,  during 


*  The  first  suggcstiou  of  this  method  came  to  me  from  Mr.  Jos.  P.  Davis,  City  Engineer 
of  Boston. 
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the  past  four  or  five  years.  I  owe  their  presentation  to  kindness  of  Mr;. 
J.  P.  Davis,  City  Engineer,  and  Mr.  A.  Fteley  his  Principal  Assistant,  in 
charge  of  the  Additional  Sui3ply.  The  Concord  river  diagram  is  drawn 
from  data  furnished  b^^  accurate  gaugings  for  part  of  the  time,  and  tol- 
erably accurate  ones,  controlled  by  the  former,  for  the  rest.  This  river 
has  figured  in  so  many  law-suits  in  Massachusetts,  that  a  great  deal  of 
reliable  information  has  l)een  gathered  with  regard  to  it.  In  1876  it  was 
gauged  every  half  hour,  night  iind  day,  for  90  days,  by  a  party  of  three 
men,  under  my  charge.  Mr.  J.  P.  Frizell,  Civil  Engineer,  late  of  Bos- 
ton, has  also  given  me  some  computations  of  his  own  with  regard  to  it. 
The  next  diagram,  that  of  the  Merrimack  river,  at  Lawrence,  is  the  one- 
that  has  already  been  alluded  to  as  being  based  on  data  for  only  six 
months  in  each  of  the  years  given.  The  figures  used  were  testified  to 
by  Mr.  H.  F.  Mills,  of  the  Essex  Company,  as  being  reliable  within  four 
per  cent.,  and  any  one  ganging  may  be  either  too  much  or  too  little  by 
that  amount  ;  on  the  average  they  must  be  nearly  correct. 

The  Connecticut  river  diagram  is  based  upon  data  given  in  one  of 
the  reports  of  our  member.  Gen.  Theo.  G.  Ellis,  made  to  Gen.  G.  K. 
Warren,  U.  S.  Engineers,  and  printed  in  the  report  of  the  Chief  of 
Engineers,  U.  S.  A.,  for  1875.  The  drainage  area  of  the  Connecticut 
I  have  measiired  on  as  good  a  map  as  I  could  find  of  the  territory.  I 
think  the  result  is  equally  reliable  with  that  given  concerning  the 
Merrimack  river,  but  both  are  less  reliable  than  the  drainage  areas 
given  for  the  other  three  rivers. 

Of  course,  it  would  be  somewhat  premature  to  draw  conclusions  from 
an  inspection  of  these  five  diagrams  only.  The  proper  time  to  do  this 
would  be  after  these  five  rivers,  and  many  more,  had  been  oljserved  for  a 
great  number  of  years,  and  all  these  results  reduced  to  diagrams.  But 
certain  general  conclusions  may  be  stated  now,  sTibject  to  modifi- 
cation, as  facts  accumulate.  Observe,  for  example,  the  greater  range, 
each  side  of  a  centre  line  of  the  curves,  drawn  in  shaded  lines,  which 
"envelope''  the  results  of  the  gaugings  of  tlie  Croton,  or  of  a  small 
water-shed,  as  compared  with  the  same  range  as  exhibited  successively 
in  the  diagrams  of  the  other  rivers,  supplied  by  larger  drainage  areas.  A 
decided  result  is  exhibited  in  the  greater  discharge  per  square  mile,  or 
specific  discharge,  if  that  is  a  projjer  term,  during  the  driest  months  of 
each  year  of  the  rivers,  with  a  large  water-shed,  as  compared  with  those 
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having  only  a  small  one.  In  fact,  there  seems  to  be  a  regular  law  abont 
it,  the  specific  discbarge  during  the  minimum  months  being  proj)ortional 
to  extent  of  drainage  area.  It  is  never  below  I  cubic  foot  per  second  per 
square  mile  in  large  rivers,  while  it  runs  down  to  less  than  0.1  in  the 
smaller  rivers  shown  ;  and  reckoning  for  a  period  of  minimum  discharge 
during  six  working  days  only,  the  contrast  is  still  more  glaring.  These 
quantities  are  indicated  on  the  diagrams  by  a  circle  under  the  value  for 
the  driest  month.  Passing  to  extremes,  it  will  be  evident  that  certain 
brooks  have  a  minimum  discharge,  specific  or  otherwise,  during  a  week, 
equal  to  0,  while  the  Merrimack  or  Connecticut  can  never  fall  below  ^- 
cubic  foot  jjer  second  per  square  mile  during  the  same  length  of  time  :  a 
consideration  of  some  importance,  fref|uently,  in  estimating  the  value  of 
streams  diverted. 

One  of  the  uses  to  which  a  diagram  of  the  kind  presented  may  be  put, 
is,  in  estimating  the  size  of  the  water-wheels  it  will  pay,  commercially,  to 
set  and  attempt  to  run  for  any  purpose  on  any  given  stream.  It  will  not 
pay,  of  course,  to  i)ut  in  Avheels  that  can  be  run  to  their  full  capacity  in 
the  10th,  11th  and  12th  wettest  month,  or  in  the  11th  and  12th  only,  and 
which  are  but  25artly  supplied  with  water  the  other  9  or  10  months  in  the 
year.  In  some  situations  it  may  pay  to  attempt  to  use  more  of  the 
freshet  water  tlian  it  can  in  others  ;  as  for  instance,  when  a  cotton  or 
woolen  mill,  which  demands  a  pretty  regular  supply  of  power,  is  com- 
bined with  other  works  which  may  be  run  with  intermissions,  such  as  a 
mill  for  grinding  dye-stuffs,  or  a  saw-mill,  a  grist-mill,  &c.  But  with  a 
diagram,  such  as  presented,  before  him,  every  engineer  can  make  his  cal- 
culations for  the  place  under  examination  and  can  come  to  some  sort  of 
a  rational  conclusion  about  it,  while  h\  taking  the  observations  and  ar- 
ranging them  by  calendur  months,  my  experience  is,  that  not  so  much  as 
a  ray  of  common  sense  can  be  made  to  penetrate  the  clouds  thus  formed 
about  the  subject.  The  table  below  and  the  diagrams  will  need  no  further 
'explanation. 
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Croton         '       Sudbury,  Concord, 

West  Branch,    atFramingham,        at  Lowell, 
20'^   Sq.  M.,     I     76.3  Sq.  M.,  352  Sq.  M., 

3   yrs.  observa^  3    yrs.  observa-  2    yrs.    7    mos. 
tions,  tions.  observations. 

1870-71-72.  1875-7G-77.      June,   74-75-76. 


Merrimack,  |  Connecticut, 
at  Lawrence.  at  Hartford, 
4136  Sq.  M.,        10  2.34  Sq.  M., 

May  to  Oct.,  in-  4  yrs.   observa- 
clusive.  tions, 

1871-2-3-4-5-6. :  1871-72-73-74, 


Cubic  Feet  peb  Second  per  Square  Mile  of  Drainage  Area. 


Driest 

month     I't   0  29  ±0.21 


2  I   0..52±n.40 


4 

5 

6 

7 

8 

9 

10 

11 

iv 

Max. 

freshet 
known. 


O.SO±0.60 


1.10  ±0.80 


1.45±1.00 


1.85  ±1.20 


0.20±0.10      0.36±0.12 


0.32±().18      0.4I±n.l3 


0.46±0.24 


0 . 64  ±  0 . 30 


0.83±0.33 


1.08±0.38 


2.30±1.40      1.36±0.42 


2.85±1.5n      l.'70±0.4f 


3.  50 ±1.65   ,   2.14±0.5( 


4. 20 ±1.80  :   2. 75 ±0.80 


5.05±1.95      3.80±1.35 


6.  65  ±1.35 


6.0ii±l   50 


41.60 
Mch.  26,  1876 


0.45±0.13 


0.54±0.1G 


0 

68  +0 

08 

0 

78+0 

16 

0 

93  +0 

25 

1 

11  ±0 

36 

0.67  ±0.09 
0.75  +0.15 
0.86  +0.20 


0.67±0.19 


0.85+0.25 


1.10+0.35 


1.35  +0.40 


1.70  +0.50 


2.10  +0.60 


2.65  +0.75 


4.30+1.10 


12.64 
Mch.     29-30, 
1876. 


j    1.01  +0.29 
1.34+0.46   j   1.21  ±0.39 
1.59  ±0.59  j    1.48  +0.52 
1.76  +0.64 


-0.73 


2.20+0.85 


2.09  +0.75 


2.68  ±0.93 

2.51  ±0.87 

3.30+1.05 

3.08  ±0.93 

4.10±1.25 

4.00±1.10 

5 . 80  ± 1 . 00 

5.85+1.05 

23.4 
In  1852. 


20.27 
May,  1854. 


Addenda. 
Since  the  above  paper  was  written,  tlie  U.  S.  Corps  of  Engineers  have 
published  the  gaugings  of  the  Connecticut  river  for  1875,  '76,  and  '77. 
I  have  calculated  the  corresponding  discharges  in  cubic  feet  per  second, 
and  in  cubic  feet  per  second  per  square  mile  of  drainage  area  ;  and 
arranged  the  months  of  each  year  in  their  order  of  amount  discharged, 
or,  as  it  has  been  called,  in  their  order  of  dryness.  If  the  data  for  these 
three  years  be  plotted  on  the  diagram,  it  will  be  seen  that  they  fit  very  well 
into  the  limits  marked  out  from  the  data  of  the  years  1871  to  '74,  which 
alone  were  available  when  the  diagram  was  made. 
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DiSCHAKGE   OF   THE    CONNECTICUT     ElVER   AT     HaRTFOKD— 10,234:     SqUARE 

Miles  of  Drainage  Area. 


1875. 

1      Jan 

3      Sept 

3  July 

4  Oct 

y  Feb...... 

0      Aug 

7  June 

8  Nov 

9  Dec 

10  March... 

11  May 

12  April 


Cubic  feet 
per   second. 


6  370 
O  739 

8  581 

10  225 
11170 

11  9;!7 
13  737 
15  827 
IG  272 
18  307 
41  GOG 
5fi  34G 


1 


1876. 
Aug 

2  Oct 

3  Dec 

i  Sept 

5  Nov...    . 

G  July 

7  June 

8  Feb 

9  Jan 

10  i  March.. 

11  May 

12  lApril.... 


Cubic  feet  per 
second  per 
square  mile. 


0.62 
0.66 
0.8i 
1.00 
1.09 
1.17 
1.34 
1.55 
1.59 
1.79 
4.07 
5.51 


6  225 

O.Cl 

6  321 

0.62 

6  405 

0.G3 

6  630 

0.65 

.S  033 

0.78 

8  220 

0.80 

15  821 

1.55 

25  407 

2.48 

29  852 

2.92 

35  045 

3.42 

58  065 

5.67 

62  020 

6.06 

Month. 


[        1877. 

I 

Jan 

Sept 

Feb 

Juue 

Aug 

6  'July 

7  loct 

May 

Dec 

Nov 

March . . . 
April.... 


Cubic  feet    Cubic  feet  per 
per  second,     second  per 
^  i  square  mile. 


G  534 
G  979 

7  643 

8  066 

8  567 

9  511 
11  862 

16  941 

17  317 
29  254 
34  817 
42  533 


0.64 
0.68 
0.75 
0.79 
0.84 
0.93 
I.IG 
1.65 
1.69 
2.86 
3.40 
4.16 


Lowest  6  'Woeking  Days. 


lS75..'Jan.  25-30 '..        6  238 

i  1876..  1  Aug.  28— Sept.  2....         5  GGO 
1877..  .Jan.  1-6 5  937 


O.Cl 
0.5.1 
0.58 


-  Mills  - 


'^^ 


V'>'      I 


i  / 


.f-^ 


:&_^ 


_ci££t 


J L 


2  Yrs  7 


ShtW-ii 
MosOt: 


i  Mof  Gts  /o,SY,: 


,       '■■!>■ 


-W£ 


::^fei 


4i 


-liii-ZI-Hili' 


f  .  f 


HLAILXX 

rRANSAM.sm:.( 

VCLVII.  N? 


M         ^ 


Wrf^ 


f+A^^rbp 


I0d3+   SaiMiLEi 

Yrs  Ots        l6Jl(-14 


'I- 


._Ja.i..J..l„.i-^^J       J: 


O 


0-Jlr,,lt   5. 


^ 
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CLXIX. 

(Vol.  VII.— September,  1878.) 


THE  DAGGERS  THREATENI^^G  THE  NAVIGATION  OF  TEE 
MISSISSIPPI  RIVER 

AND  THE  RECLAMATION  OF  ITS  ALLUVIAL  LANDS. 


By  B.  M.  Hakrod,  C.  E.,  Member  of  the  Society. 
Read  at  the    Tenth    Annual    Convention,   June   18th,    1878. 


When  the  operations  of  civilization  are  first  extended  into  new  fields, 
the  pioneer,  while  acquiring  rights  and  benefits,  inevitably  assumes  im- 
portant responsibilities.  If  he  locates  his  farm  upon  the  fertile  banks  of 
a  .stream,  on  which  he  proposes  to  transport  his  wealth  to  market,  he 
soon  disturbs  the  subtle  relations  existing  between  its  supply  and  dis- 
charge. If  he  follows  the  ravine  up  the  mountain  side  and  sinks  a  shaft, 
the  accumulation  of  debris  therefrom,  unless  removed,  causes  freshets 
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that  will  sweep  him  and  his  improvements  away  in  a  night.  If,  on  a 
dee]}  and  safe  harbor,  he  concentrates  radiating  lines  of  transportation, 
and  establishes  costly  facilities  for  protecting  and  handling  an  accumu- 
lation of  merchandise,  he,  at  the  same  time,  develops  forces  which  will 
steadily  impair  the  advantages  which  first  attracted  him.  •  Nature  will 
form  no  co-partnership  with  man.  If  he  enters  her  virgin  domain,  to 
reap  the  advantages  of  civilization  and  science,  he  assumes  the  duty  of 
replacing  the  natural  status  by  his  scientific  care  and  foretjionght. 

So  the  improvement  of  the  navigation  of  the  Mississippi  river  and  the 
reclamation  of  the  alluvial  lands  of  its  valley  are  not  peculiar  as  engi- 
neering problems,  because  their  theoretical  treatment  would  be  compar- 
atively clear  and  simple  were  it  not  for  abnormal  complications  arising 
from  the  disturbance  of  established  natural  relations.  Could  basins  be 
built  on  its  tributaries,  to  hold  in  reserve  its  supplies,  to  prevent  their 
simultaneous  discharge,  to  moderate  the  violence  of  excessive  floods  and 
at  regulated  jaeriods  to  send  down  just  sufficient  Avater  to  keep  the  river 
in  good  boating  order,  and  not  enoiigh  to  cause  a  velocity  that  would 
demolish  the  banks  and  levees,  there  is  little  doubt  but  that,  in  a  few 
years,  the  river  would  permanently  locate  its  bed  in  a  succession  of  tan- 
gents and  curves,  determined  by  the  equilibrium  between  its  centrifugal 
momentum  and  the  stability  of  the  material  of  its  banks. 

That  this  condition  Avas  approximated,  to  some  extent,  before  the  set- 
tlement of  the  great  valley  is  probable  from  historic  facts  relative  to  the 
increased  magnitude  of  cavings  and  frequency  of  cut-offs,  which  will  be 
given  hereafter. 

It  is  certain,  however,  that  at  this  day  the  difficulties  of  the  restora- 
tion of  a  better  condition  of  the  river  are  increasing.  The  enlarging 
area  of  cultivation  has,  by  furrowing  and  breaking  up  the  crust  of  the 
soil,  made  drainage  and  absorption  more  rapid  and  complete,  by  which 
greater  floods  are  precipitated  with  more  violence — has,  by  clearing  the 
banks,  deprived  them  of  the  protection  of  the  thickly  interlaced  roots 
and  the  overhanging  and  trailing  branches  of  the  dense  border  growth — 
and  has,  by  the  extension  of  the  levee  system,  had  a  tendency  to  raise 
the  surface  and  increase  the  slope  until  a  velocity  is  given  before  which 
the  treacherous  material  of  the  banks  wears  and  caves.  Thus,  while 
impetuosity  has  been  given  to  the  attacks  of  the  floods,  the  banks  have 
been  deprived  of  the  natural  defences  which  their  fertility  reared  for 
them. 
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The  caving  is  immediately  i^roduced  in  two  ways — which  are  charac- 
teristic of  sand  or  clay  bank.  When  the  changes  in  the  course  of  the 
river  throw  the  force  of  the  current  against  a  bank  of  recent  formation 
by  deposit,  it  wears  to  a  steeper  slope  than  the  limited  tenacity  of  the 
material  will  maintain.     This  is  the  simpler  and  more  rapid  process. 

"When,  however,  the  bank  is  of  older  alhivial  formation  it  is  found 
stratified  with  tough  blue  clay  and  flat  horizontal  i^ockets  of  quick-sand, 
jshells  or  other  treacherous  material.  Whenever  one  of  these  pockets  is 
worn  into,  the  contents  esude  from  pressure,  or  are  washed  out  by 
abrasion,  and  the  leaf  of  clay  above,  deprived  of  siipport,  breaks  off 
and  tumbles  its  load  into  the  river.  The  profile  of  such  banks  shows  the 
"blue  clay  strata  with  an  easy  slope,  and  those  of  quick-sand  or  shells  very 
«teep,  or  even  with  an  overhang. 

An  explanatory  diagi-am  accompanies  this  description. 

Thus,  all  the  processes  necessarily  accompanying  the  settlement  and 
cultivation  of  a  new  country  have  served  to  render  more  difficult  of  at- 
tainment the  regimen  which  prevailed  under  the  normal  oi^eration  of  the 
functions  of  nature,  viz.  :  rainfall,  surface  drainage,  absorjition,  slope, 
velocity,  and  discharge,  and  have  given  to  the  current  of  the  Mississipi)i 
River  an  unnatural  and  destructive  activity. 

The  curving  banks  w-hich  formerly  served  to  turn  the  momentum  with 
Avhich  the  Avaters  swept  down  have  now  been  distorted  by  more  rajjid  and 
excessive  floods,  which,  deprived  by  levees  of  temporary  relief  from  the 
swamp  basins,  have  raised  the  surface,  and  increased  the  velocity  to  an 
extent  that  the  banks  are  unable  to  resist. 

At  many  points  this  process  in  the  bends  aboA^e  and  below  has  reduced 
the  isthmus  betAveen,  until  it  was  no  longer  able  to  hold  back  the  impend- 
ing cut-ofif. 

Thus  a  current  already  dangerously  rapid  from  abnormally  increased 
volume  and  slope  is  intensified  by  a  reduction  of  length. 

To  this  unnatural  activity  of  the  forces  of  the  river,  stimulated  by  a 
disturbance  of  regimen,  and  culminating  in  cut-offs,  is  to  be  attributed 
the  deterioration  of  navigation  and  the  destruction  of  levees.  Notwith- 
standing the  proof  that  causes  have  been  at  work  to  produce  more  rapid 
and  excessive  floods,  and  that  the  increased  caving  of  banks,  frequency  of 
cut-offs,  and  obstructions  to  navigation  are  directly  traceable  to  these 
causes,  nevertheless,  plans  of  imi^rovement  are  seriously  discussed  which 
involve  measures  productive  of  a  further  increase  of  flood  velocity  and 
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SECTICN    THROUGH    ALLUVHTM. 
Lined   Work   iiidii  ates  Clav.     Dotlfd   Work   inflicates   Simd. 


247 


SECTION    SHOWING    ENCROACHMENT    OF    CAA^NG    BANK    OF 
Un^ER    ON    ALLUVIUM. 
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volume,  a  prolonged  couteiitiou  with  the  river  in  its  ceaseless  effort  to  re- 
duce its  slope  and  recover  its  normal  length,  and  delay  and  difficulty  iit 
the  attainment  of  a  regimen. 

The  existing  fiinctional  derangement  will  be  more  readily  appreciated 
and  firmly  established  by  the  following  facts  in  the  history  of  the  great 
river. 

Many  centuries  are  required  to  obliterate  the  traces  of  a  cut-oflt".  The 
earliest  to  which  any  date  is  attached  is  the  Fausse  Riviere  cutoff  of 
Pointe  Coupee,  which  occurred  in  1722. 

The  banks  of  this  artificial  lake  are  still  well  defined,  and  its  waters, 
at  the  flood  period,  still  connect  with  the  Mississippi. 

In  the  lakes  and  old  rivers  on  either  side  of  the  Mississippi,  from  the 
Tennessee  line  about  six  hundred  miles  down  to  Pointe  Coupee,  we  find 
the  evidence  of  about  twent^'-eight  cut-offs.  Undoubtedly  this  record  i.s 
complete  for  many  cenfcrries. 

Yet  of  the  twenty-eight  cut-offs,  nine,  or  about  one-third,  have  occurred 
within  the  past  forty-five  years.  This  epoch  of  forty-five  years  has  also 
been  marked  by  two  other  imjaortant  changes  in  the  characteristics  of  tlae 
river  :  the  cleariug  and  leveeing  of  the  banks  for  the  greater  part  of 
this  six  hundred  miles,  and  the  extension  of  the  bars  and  obstructed 
navigation  fi'oni  Plum  Point,  one  hundred  miles  below  Memphis,  to  Lake 
Providence,  a  distance  of  nearly  two  hundred  and  fifty  miles,  included 
m  this  six  hundred  miles  where  levees  have  been  built  and  cut-offs  per- 
mitted. 

If  these  co-incident  events  do  not  e.stal)lish  clearl}'  enough  the  con- 
nection between  a  disturbed  regimen  and  the  disasters  to  reclamation  and 
navigation,  let  us  examine  a  cut-off  whose  history  is  so  recent,  and  whose 
record  is  so  ruinous  as  to  have  attracted  and  fixed  the  attention  of  all 
observers  of  the  hydi'aulic  phenomena  of  the  Mississippi  River. 

During  the  flood  of  1867  the  isthmus  connecting  what  is  now  knoAvn 
as  Davis  Island  with  the  Mississippi  shore  about  twenty- seven  miles  be- 
low Yicksburg  was  Ijroken  through.  The  distance  around  this  point  was 
aljout  twenty  mile.--,  throughout  which  the  fall  w^as  about  3  inches  per 
mile,  or  a  total  of  five  feet,  which  was  condensf'd  by  the  cut-off  in 
the  one  quarter  of  a  mile  through  the  cut-off.  Half  of  this  increased 
slope  was  distributed  down  the  river  to  below  Glasscock's  Bend,, 
a  distance  of  one  hundred  and  fifteen  miles,  and  caused  a  disturbed^^ 
regimen  and  an  accelerated  velocity  to  which  is  attribnt  iMe  tlie  follow- 
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ing  record  of  ruiu  between  the  date  of  its  occurrence  and  the  present 
time.  It  is  confined  exclusively  to  the  Louisiana  shore.  It  is  fair  to  as 
sume  that  the  Mississippi  shore  suffered  eqiially  : 


Length  IN 

l'"EET. 


Point  Pleasant 11,440 

Wilson's 8,800 

Hard  Times 14,OnO 

Boiuiurants.  .  .     30,000 

St.  Joseph 15,000 

Kempe 16,000 

Waterproof 18,000 

Marengo ,  25,000 

St.  Catiierine's  Bend !  10.000 

Glascock's  Bend \  38,000 


Maximum 

Width   in 
Feet. 


6,160 
2.G40 
1 ,000 
10,000 
3,000 
5,000 
2.600 
5,000 
2,400 
2,000 


Cubic  Yabdr.      Acres. 


100,000 
30,000 
15,000 
25,000 
40,000, 

lOO.cOO, 
25,000, 

120,000, 
20,000, 
75,000, 


,000 
,000 
000 
000 
000 
000 
000 
000 
000 
000 


1,075 
330 
175 
300 
500 

1,250 
SOD 

1,500 
275 
850 


Total 186,240 


Cubic  Yards. 
Levee. 


383,801 
320,962 
496,791 
242,615 
44,986 
1,315,495 
497,296 
366,075 
114,33'.> 
732,960 


550,000,1100 


6,555   I     4,515,320 


In  this  table  is  not  included  the  levee  work  done  by  jDarties  other  than 
the  State  Engineers,  which  is  of  a  considerable  amount. 

No  details  are  given  of  the  damage  above  by  this  cut-off,  although  it 
was  equally  evident  and  extensive,  because  it  was  confused  with  that 
caused  by  the  Terapin  Neck  Cut-off,  which  occurred  in  the  previous 
year  about  sixty  miles  above  Davis  Island. 

These  reflections  on  the  causes  and  magnitude  of  the  difficulties  to  be 
encountered  in  securing  the  unbounded  wealth  of  the  Valley  of  the  Mis- 
sissij)pi,  disclose  the  outlines  of  a  plan  by  which  they  can  be  encountered 
and  defeated. 

This,  or  any  other  plan,  must,  however,  be  adopted  under  the  explici 
and  intelligent  recognition  of  two  inevitable  complications  : 

1st.  The  continued  clearing  for  cultivation  of  the  banks  of  the  Missis- 
sippi and  its  tributaries  will  continue  on  the  most  extensive  scale  ;  and 

2d.  The  levee  system  will  be  pushed  to  completion.  The  first  o 
these  obstructive  elements  is  practically  unlimited  in  its  duration.  The 
second  is  not  so.  It  is  purely  a  financial  (piestion  whether  the  system 
shall  be  completed  in  two  or  twenty  years. 

But  inasmuch  as  the  extended  construction  of  levees  will  have  a  ten- 
dency to  disturb  the  regimen  whenever  it  may  be  undertaken,  they  should 
be  eliminated  from  the  problem  at  the  earliest  possible  moment,  and  a 
complete  levee  system  should  be  assumed  as  the  first  step  in  all  projects 
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of  improvement.  A  judicious  location  of  these  works  will  allow  for  suf- 
ficient jDrolongation  in  the"  bends  to  give  the  required  reduction  of  slope, 
and  will  be  governed  by  the  experience  of  the  engineer,  and  formulfe,  in 
which  the  volume  and  velocity,  increased  by  the  completion  of  the  pro- 
jected work,  and  the  angle  of  incidence,  are  opposed  to  the  stability  of 
bank,  as  composed  of  clay  or  sand. 

The  necessary  height  has  never  yet  been  determined  by  experience, 
for  great  floods  have  always  found  a  i^oint,  vulnerable  from  carelessness 
or  fraud,  before  they  culminated. 

The  height  i-ecommendations  of  the  U.  S.  Commission  of  1874  are 
more  than  safe,  for  while  all  the  elements  of  danger  are  recognized,  no 
credit  is  allowed  for  hydraulic  principles  as  well  established  as  those  on 
which  are  based  their  precautionary  recommendations.  Thus,  whenever 
the  retention  of  all  the  water  within  the  levees  would  require  that  they 
should  be  built  eleven  feet  higher  at  Lake  Providence  than  the  flood  of 
1858,  then  the  dei:)th  would  be  increased  eleven  and  one-half  per  cent. , 
the  volume  in  a  still  greater  proportion,  and  the  slope  u^iwards  of  eight 
per  cent,  from  Lake  Providence  where  the  flood  wave  culminates  to 
zero  at  tide  water.  These- new  factors  would  generate  a  velocity  and  dis- 
charge that  would  forbid  the  verification  of  the  estimated  increase  of  flood 
level. 

With  the  completion  of  the  levee  system,  the  question  of  outlets 
loses  most  of  its  importance.  The  objections  to  new  ones  consist  in  the 
greater  slojae  required  for  a  smaller  volume,  and  in  the  continuance  of 
the  present  disturbance  of  regimen.  Of  those  now  existing  the  Atcha- 
falaya  is  now  mainly  supijlied  from  Red  river,  the  Lafourche  is  of  iusig- 
niflcant  dimensions,  and  the  Jump  and  Cubits  crevasse  are  too  near  the 
mouth  of  the  river  to  affect  the  levees  or  navigation. 

But  certainly  the  most  important  measure  of  all  for  securing  the 
great  objects  proposed  is,  the  absolute  jirevention  of  "' cut-offs  "  at  any 
cost,  by  the  thorough  revetment  of  the  approximating  concave  banks. 

Subsequent  measures  must  be  conservative,  tending  to  remove  all 
disturbing  elements.  Among  them  may  be  mentioned  the  encourage- 
ment of  a  dense  growth  on  the  banks  between  the  levee  and  the  river. 

The  penalty  of  any  forcible  treatment  is  immediate  reaction  on  the 
weakest  part  of  the  bed.  Before  it  will  be  experimentally  ascertained 
whether  the  bottom  is  of  clay,  "almost  like  marble,"  or  whether  "it 
will  not  resist  the  incessant  action  of  the  current,"  the  banks  will  be 
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melting  before  the  increased  current  unless  protected  by  miles  of  revet- 
ment which  the  experience  at  Cairo,  and  the  estimates  at  Memphis, 
Vicksburgh,  and  New  Orleans  show  will  cost  $100,000  per  mile. 

In  the  report  of  Col.  Simpson,  U.  S.  Engineers  in  1875,  on  the 
improvement  of  the  navigation  of  the  Mississippi  river,  the  outlines  of 
it  system  are  given  with  clearness  and  ability.  It  is  established  that  the 
low  Avater  channel  referred  to  in  speaking  of  the  improvement  of  naviga- 
tion and  tfie  line  of  greatest  flood  depth  do  not  coincide,  nor  is  it  the 
result  of  the  operation  of  the  forces  of  the  previous  flood.  On  the  con- 
trary the  subsidence  of  the  flood  leaves  the  channel  in  an  impaired  con- 
<lition,  obstructed  by  a  succession  of  sand  waves  or  bars.  The  crests  of 
these  bars  mark  tlie  tliread  of  the  flood  current  by  their  composition  of 
the  heaviest  material.  The  feeble  forces  of  low  water  avoid  this  line  in 
excavating  their  channel.  It  is  therefore,  imjDortant  that  the  scanty 
resources  of  the  river  at  this  season  should  be  carefully  husbanded,  and 
that  works  designed  to  aid  in  establishing  a  low  water  channel  should 
not  increase  the  flow  over  a  l)ar,  lest  obstructions  higher  up  the  stream 
be  developed.  The  effort  should  be  to  give  a  inore  efficient  working 
.section  to  the  channel  while  preserving  its  capacity  of  discharge. 

It  would  ajopear  that  the  conclusions  to  be  drawn  from  the  foregoing 
remarks  are,  that  the  first  work  to  be  done  on  the  river  is  the  ijrevention 
of  cuts-offand  the  completion  of  levees.  Then,  under  this  discipline, 
the  river  should  l>e  allowed  to  acquire  the  relations  of  slope,  length  and 
velocity  imposed  upon  it  by  hydraulic  law. 

This  condition  will  be  comparatively  i^ermanent,  and,  under  it  works 
for  the  improvement  of  its  navigation  can  be  pushed  with  impunity 
under  a  system  that  combines  with  the  scouring  power  of  an  accelerated 
current,  projjer  precautions  to  protect  the  treacherous  banks,  and  direct 
its  action  against  the  bottom.  Let  it  never  be  forgotten  that  "a  great 
river  is  impatient  of  restraint ;  it  can  be  led,  but  it  cannot  be  driven." 
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r)Ririv   ARCHE8    FOR    LARGE    SEWERS. 


By   E.    Heeing,    C.  E.,    Member   of    the  Society. 
Read  at  the  Tenth  Annual  Convention,  June  18th,  1878. 


The  City  of  Philadelphia,  having  many  miles  of  large  brick  sewers 
Avith  diameters  as  great  as  20  feet,  offers  a  favorable  ojiportunity  for 
studying,  among  other  interesting  questions,  the  stability  of  arches 
with  long  axes.  And  it  has  been  especially  facilitated  by  the  occurrence 
of  some  failures,  such  as  flattening  at  the  crown,  and  spreading  at  the 
spring,  or  entire  collapse.  The  usual  design  was  a  circular  ring  oi 
brick,  held  in  position  by  abutments,  and  spandrel  filling  of  riibble 
masonry,  the  dimensions  being  calculated  according  to  the  ordinary 
empirical  formulae.  An  inquiry  into  the  conditions  of  stability  by 
means  of  the  method  of  Graj^hical  Statics  showed  that  even  with  a  fair 
execution  some  of  the  arches  could  not  permanently  resist  the  pressure. 
Instead  of  increasing  the  dimensions,  a  careful  study  led  to  the  adoptioii 
of  a  different  plan,  especially  for  cases  where  the  horizontal  thrust 
cannot  at  first  be  safely  resisted  by  the  earth  on  the  sides,  but  must  be 
taken  up  by  the  abutments,  and  transferred  to  the  foundation.     During 
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the  last  two  years  several  miles  of  arches  from  5  to  20  feet  span  have 
been  built  according  to  this  j^lan  and  under  these  conditions,  with  perfect 
success. 

As  the  construction  is  somewhat  different  from  the  usual  practice,  I 
believe  it  a  proj^er  subject  for  discussion. 

Before  stating  the  main  points,  I  will  describe  two  breaks  in  our 
largest  sewer,  built  about  seven  years  ago,  and  point  out  the,  reliability 
of  the  princii^les  which  form  the  foundation  for  the  j)resent  design,  by 
comparing  theoretical  conclusions,  as  far  as  possible,  with  the  iiractical 
results. 

Fig.  1  (Plate  XXXII)  represents  a  half-section  of  the  Mill  Creek  sewer 
20  feet  in  diameter  at  the  spring.  The  dotted  lines  in  the  arch  represent 
the  original  section  and  the  full  lines  a  section  as  standing  adjacent  to  a 
break.  The  semicircular  arch  is  built  of  two  concentric  rings  of  brick, 
and  the  abutments  are  built  of  rough  rubble  masonry,  shaj)ed  as  shown 
in  the  figure.  The  workmanship  was  not  of  the  best ;  the  mortar  is  jjoor 
and  scanty.  Testing  the  origiual  design  by  drawing  in  the  line  of 
pressure  (indicated  by  a  dash- dotted  line)  from  the  diagram  of  forces  in 
Fig,  la,  it  will  be  noticed,  after  equalizing  the  danger  of  breaking  at  all 
the  joints  of  rujiture,  that  this  line  is  not  confined  to  the  kernel  of 
the  section,  that  is,  the  middle  third  of  the  joint  area. 

What  will  be  the  result  ? 

When  the  centre  of  jjressure  falls  within  the  kernel,  the  neutral  axis 
lies  outside  of  the  section,  and  causes  compression  on  the  whole  area. 
As  it  passes  out  of  the  kernel,  the  neutral  axis  enters  the  section,  when 
tensile  strains,  acting  on  one  side,  will  tend  to  crack  the  mortar  and 
open  the  joints ;  and  the  compressive  strains,  acting  on  the  other,  and 
being  resisted  by  a  smaller  area,  will  caiise  a  jjroportional  increase  of 
the  unit  strain. 

Now,  in  Fig.  1  the  line  of  pressure  intersects  the  joints  of  ruj)ture  at 
the  crown  and  haunches  of  the  original  design  at  -xV  of  the  thickness  of 
the  section,  locating  the  neutral  axis  at  i%.  Therefore,  tV  of  the  section 
are  under  tensile  strain,  while  all  the  compression  is  confined  to  the 
remaining  'i\~. 

The  existence  of  the  tensile  strains  can  be  seen  on  the  work  in  the 
actual  opening  of  a  part  of  the  joints  of  mixture  at  the  crown  and 
haunches,  as   indicated  in  the  figure.     As  the  strain  in  the  most  com- 
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|)ressed  fibre  is  twice  as  great  as  tlie  strain  per  unit  of  joint  ai'ea,* 
we  can  also  readily  examine  into  tbe  condition  of  compression  at 
those  joints.  From  Fig.  la  we  measure  the  thrust  at  the  joint  of 
rupture  in  the  haunch  as  13  900  pounds  per  running  foot.  The  pressure 
being  distributed  over  -/q-  of  the  section,  or  5-nr  inches,  will  give  a  strain  of 

2  X  13  900 

-^. ^7-4 —  =  429  jDounds.  According  to  Trautwine,  cracking  and  sjjlitting 

of  brickwork  occurs  at  about  400  pounds,  which  shows  an  unsafe  condi- 
tion in  this  case.  And,  as  this  strain  proportionately  increases  the 
nearer  the  line  of  pressure  approaches  the  edge,  we  should  justly  expect 
to  find  extensive  chipi^ing  of  the  bricks  near  the  theoretical  joints  of 
rujiture  in  the  section  drawn  out  with  full  lines.  An  examination  of  the 
sewer,  where  this  section  is  approached  at  many  points,  shows  it  to  be 
actually  the  case. 

The  result  of  the  original  position  of  the  line  of  pressure  then,  will 
be  a  constant  tendency  of  the  arch  to  rotate  at  the  joints  of  rupture  in  a 
direction  from  the  compressive  to  the  tensile  strains,  thereby  causing  a 
sinking  at  the  crown  and  a  pushing  out  at  the  haiinches.  This  change 
of  form  has  also  taken  j^lace  in  a  greater  or  less  degree  throughout  the 
whole  sewer. 

Lastly,  the  bed  joints  of  the  rubble  and  lirick  masonrj^  at  the  spring- 
ing line  deviate  from  twenty-five  degrees  to  twenty-nine  degrees  from  a 
perpendicular  to  the  line  of  pressure,  showing  an  unsafe  resistance 
against  sliding,  especially  as  the  masonry  was  poorly  built.  The  hori- 
zontal thrust  has  therefore  very  generally  caused  a  spi'eading  of  the  arch, 
though  it  is  not  indicated  in  the  figure. 

Fig.  2  represents  a  half  section  of  the  Cohocksink  Creek  sewer,  with 
a  horizontal  diameter  of  18  feet  G  inches.  The  arch  is  elliptical  and 
built  of  brick,  with  a  thickness  varying  from  18  inches  at  the  crown  to 

3  feet  at  the  spring,  and  the  abutments  are  built  of  rubble  masonry, 
as  shown.  The  original  section,  marked  with  dotted  lines,  has  changed 
its  shape  more  or  less,  and  adjoining  a  break  it  appeared  as  shown  by 
the  full  lines.  The  workmanshi]),  materials  and  mortar  were  good.  It 
was  built  about  eight  years  ago. 

Testing  this  design  by  drawing  in  the  line  of  jjressure  from  the  dia- 
gram of  forces  in  Fig.  2a,  the  same  discordance  with  the  laws  of  stability 
will  be  found  as  in  Fig.  1. 

*  See  Woodbury's  Theory  of  Arches  and  Culmann's  Graphical  Statics. 
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The  line  intersects  the  joints  of  luptnre  at  i  of  the  thickness,  instead 
of  at  I,  locating  the  neutral  axis  in  the  middle  of  the  section  ;  therefore, 
the  constant  tendency  to  rotate  has  here  also  caused  the  crown  to  settle 
and  the  haunches  to  ^jusli  out.  As  the  weight  over  the  arch,  however,  is 
much  lets  than  in  Fig.  1,  the  thrusts  are  smaller,  and  the  centre  of  pres- 
sure can  approach  the  edge  clcser  before  the  bricks  are  crushed,  which 
in  this  case  would  occur  at  a  distance  of  about  t  of  an  inch  from  it. 

Cracking  and  splitting  of  the  bricks  can  be  noticed  all  along  the  theo- 
retical loci  of  the  joints  of  rupture,  and  likewise  the  corre.«ioondiug  open- 
ings on  the  other  side  of  the  neutral  axis,  as  shown  in  the  figure,  and  as 
theory  leads  us  to  expect. 

Finally,  the  line  of  pressure  intersects  the  perpendicular  to  the  bed- 
joints  in  the  sisringiug  at  a  larger  angle  even  than  in  Fig.  1.  As  the  re- 
sultant at  that  point  is  9  800  lbs.,  and  assuming  the  co-efficient  of  friction 
for  masonry  to  be  .6,  we  find  a  horizontal  resistance  of  only  5  880  lbs. 
against  the  horizontal  thrust  of  5  5£0  lbs.  And  this  small  excess  of  290 
lis.  is  more  than  balanced  by  the  pressure  of  water,  when  the  sewer  is 
running  nearly  full,  which  always  occurs  during  a  heavy  storm  at  high 
water.  Consequently,  the  entire  sewer  has  spread  from  6  inches  to  12 
inches,  until  the  earth  on  the  sides  has  become  siifficiently  compact  to 
prevent  furlhtr  movement  and  to  resist  the  line  of  pressure  at  a  higher 
point. 


£uoh  failures  r.s  shown  by  these  two  servers,  and  the  fact  that  the  con- 
clusicns  arrived  at  from  the  aj'plicatien  of  the  method  of  Graj^hical 
Stiitics  were  so  truly  confirmed  by  the  actual  results  of  our  experience, 
led  us  to  adopt  a  different  design,  which  it  was  intended  should  be  based 
entirely  on  piinciples  of  this  method.*  In  arranging  it,  the  following- 
main  points  were  carefully  considered  : 

I. — At  no  point  should  the  material  be  subjected  to  more  than  a  safe 
fiaction  of  its  ultimate  crushing  strain.  Assuming  the  safe  resistance  of 
brickwoik  at  SO  j^ounds  per  sq_uare  inch,  a  very  convenient  formula  has 
been  : 
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which  is  deduced  from  the  fact  that  the  strain  in  the  most  comjjressed 
fibre  is  twice  as  great  as  the  average  strain  per  unit  of  joint  area. 
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II. — The  bed  joints  of  tlie  bricks  and  stones  should  everywhere  be  as 
neai'ly  as  practicable  at  right  angles  to  the  direction  of  the  line  of  sup- 
port, and  not  deviate  from  it  more  than  a  safe  fraction  of  the  resistance 
against  sliding  will  admit. 

III. — The  line  of  jjressure  must  be  situated  in  the  kernel  or  middle 
third  of  the  arch,  to  j)revent  any  tendency  of  rotating.  It  mtist  also 
intersect  the  foundation  at  a  point  sufficiently  far  from  the  edge  to 
be  safely  resisted,  on  account  of  the  rough  nature  of  the  rubble  work. 

"When  the  earth  on  the  sides  is  solid  enough  to  resist  the  resultant  of 
pressure,  it  can  of  course  take  the  place  of  the  abutment,  and  the  pres- 
sure line  does  not  require  to  be  enclosed  in  mason  work  down  to  the 
foundation,  but  can  pass  out  into  the  earth  at  any  point. 

IV. — The  different  materials  should  be  disposed  of  in  such  a  manner 
that  each  may  serve  for  the  purpose  to  Avhich  it  is  best  adapted. 

The  necessity  of  carefully  curving  the  line  of  pressure  in  the  arch  de- 
mands well  defined  joints,  thorough  bearing  surfaces,  and  homogeneous 
masonry.  Therefore,  well-built  brickwork,  being  the  best  for  this  jiur- 
pnse  in  our  case,  was  planned  to  resist  alone  the  entire  pressure,  as  far  as 
it  is  curved.  When  it  becomes  practically  straight  in  the  abutments,  and 
distributed  over  a  larger  surface,  rubble  masonry  will  then  answer  per- 
fectly. As  the  spandrel  filling  has  no  other  duty  to  perform,  according 
to  theory,  than  to  furnish  a  uniform  vertical  pressure  ujjou  the  arch, 
earth  alone,  when  well  compacted,  can  entirely  fulfill  it.  The  gain  of  a 
greater  weight  by  using  rubble  masonry  and  thereby  slightly  reducing 
the  width  of  foundation,  may  sometimes  be  economical,  but  it  is  usually 
more  than  balanced  by  its  own  greater  cost.  If  the  rubble  masonry  is  to 
take  part  in  resisting  the  line  of  pressure,  it  can  only  do  so  when 
forming  an  auxiliary  arch  of  itself,  outside  of  the  brick  arch  ;  otherwise  it 
acts  only  as  w^eight.  Wherever  the  filling  is  light,  and  the  live  load 
great,  stone  spandrels  would  stiffen  the  arch  against  a  concentrated  pres- 
sure. But  this  extra  stifi'eniug  is  not  necessary  where  the  live  load  can 
be  neglected  in  the  calculation,  as  is  u.sually  the  case. 

V.^ — The  brickwork  is  to  be  bonded,  so  that  the  line  of  pressure  will 
pass  through  the  middle  of  headers  as  much  as  possible,  to  prevent 
separation  of  the  rings. 

The  design  resulting  from  the  consideration  of  these  five  i^^iats  is 
shown  in  Figs.  3,  4,  and  5,  which  represent  three  sewers,  built  one  and  two 
years  ago.     A  careful  examination  during  construction,  and  since,  shows 
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perfect  stability.     No  cracking  at  the  crown,  chipi^ing  of  bricks  at  the 
liaiinches,  nor  change  of  original  shape  have  taken  place. 

Besides  seeming  to  be  a  more  rational  distribution  of  the  material, 
and  therefore  more  reliable  in  its  stability,  this  plan  is  also  more  economi- 
cal, as  it  requires  less  material  to  give  the  same  strength  as  the  old  one. 
To  secure  these  advantages,  however,  the  abutments  must  be  built  care- 
fully and  solidly,  so  that  there  is  no  possible  uneven  settling,  which 
might  cause  rotation  around  the  springing  line.  The  ring  joints  in  the 
brickwork,  as  well  as  the  others,  must  be  well  filled  with  mortar  to  pre- 
vent separation  ;  and  the  earth  filling  in  the  spandrels  must  be  uniformly 
and  well  compacted  in  order  to  answer  the  supposition  of  theory  that  the 
entire  weight  acts  like  its  sui^iDosed  resolution  into  separate  weights  as 
indicated  by  the  division  into  vertical  lamime. 
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DISCUSSION  OX  PAPER  CLXX. 

IJRICK  AKCHE8  FOR  LARGE  SEWERS. 

By  E.    S.    Chesbeough,    W.    Milnor   Eobekts,    E.    Herixg   aiid 
F.  ColijINgwood. 


E.  S.  Chesbrough  : — Mr.  Hering  has  sent  me  two  sketches  with  a 
brief  statement  of  the  main  jjoints  of  difference  between  the  "oUi  "  and 
the  "new  i^lans,"  from  which  I  learn  that  in  some  resijects  the  mode  of 
constructing  sewers  in  Philadelphia  has  been  peculiar.  I  am  ignorant 
of  the  circumstances  which  led  to  the  introduction  of  the  "  old  plan"  at 
first,  but  it  seems  strange  to  me  that  it  should  ever  have  been  ado^^ted 
for  general  puri)oses,  whatever  might  have  been  advisable  in  some  spe- 
cial cases.  The  "  new  i^lan  "  is  substantially  that  which  has  been  known 
to  the  profession,  in  connection  with  the  stability  of  arches,  for  a  long- 
time. The  arrangement  of  the  joints  between  the  arch  stones,  placing 
them  at  right  angles  to  the  line  of  i^ressure  if  that  line  can  be  readily 
determined,  must  be  of  decided  advantage.  If  the  sketches  sent  me  are 
drawn  to  a  scale,  the  thickness  of  the  arch  was  too  light,  by  the  "old 
plan."     The  arches  of  the  large  London  and  Paris  sewers  were  made 
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much  tliickev  thau  those  of  the  Philadelphia  sewers.  On  the  other 
hand,  many,  if  not  nearly  all  of  the  older  London  and  Paris  seAvers  have 
far  less  backing,  or  masonry  ontside  of  the  arches,  and  it  seems  strange 
that  so  much  should  be  needed  in  Philadelphia,  unless  the  peculiarity  of 
the  soil  requires  it. 

When  sewers  are  laid  deep  enough  to  be  beyond  the  disturbing  in- 
fluences of  other  works,  and  are  built  in  simple  arches  of  sufficient 
tliickness  and  good  materials,  they  have  been  known  to  stand  without 
change  of  form,  for  generations,  with  no  backing  of  masonry.  The 
necessity  for  this,  if  it  exists,  must  be  determined  by  the  circumstances 
of  each  case.  It  is  not  only  an  extra  cost  in  itself,  but  requires  ad- 
ditional cost  for  excavation,  back-filling  and  repaving. 

W.  MiLNOR  Roberts  : — More  than  a  year  ago  I  examined  Mr.  Ber- 
ing's plan,  and  his  arrangement  of  the  brick  arch  and  haunches  in  con- 
nection with  sewers  in  the  City  of  Philadelphia,  having  diameters  of 
13  feet,  15  feet  and  IGA  feet,  resi^ectively,  and  I  was  satisfied  that  it  was 
safer  than  the  j)lan  of  the  Cohocksink  Sewer,  which  I  had  occasion  to 
examine  at  a  point  where  it  had  failed,  and  where  the  arch  had  fallen. 
I  also  had  occasion  to  examine  the  circular  sewer,  nearly  a  mile  in 
length,  in  which  occur  the  diameters  of  13,  15  and  16^  feet. 

I  understand  Mr.  Hering  to  limit  the  whole  question  to  the  case 
where  the  earth  on  the  sides  is  originally  not  firm  enough  to  resist  the 
resultant  of  pressure  ;  where  masonry  abutments  of  some  kind  would 
be  required. 

The  brick  inverts  of  these  circular  sewers  were  of  the  thickness  of 
one  brick,  lengthwise,  and  these  were  laid  upon  a  cradle  of  rubble  ma- 
sonry extending  laterally  to  the  outside  of  the  rubble  abutments,  and 
outside  of  the  line  of  pressure  of  the  arch.  I  did  not  consider  that  any 
nibble  masonry  was  needed  below  the  lowest  joart  of  the  brick  inverts, 
where  the  sewer  rested  upon  a  solid  timber  and  plank  foundation.  I 
deemed  it  an  injury,  rather  than  an  advantage  ;  but  that  does  not  neces- 
sarily affect  the  question  of  the  stability  of  the  arch  and  its  abutments. 
If  I  had  planned  a  double  sewer,  where  the  twin  13  feet  sewer  is  built, 
upon  a  solid  'platform,  I  Avould  not  have  had  circular  servers  at  all  ;  Ijut 
semi-circular  arches  of  a  little  less  span,  Avith  side  walls. 

Where  semi-circular  arches  rest  u|  oa  abutments,  without  inverts,  it 
is  true,  there  is  a  greater  pressure  transmitted  from  tie  arch  through 
the  abutments  than  Avhere  in\'erts  are  used  ;  to  the  extmt,  of  course,  of 
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Avhatever  liortion  is  transmitted  tlirough  and  sustained  by  the  inverts  ; 
but  there  is  no  saving  in  the  quantity  of  masonry ;  because  the  brick 
invert,  in  the  case  in  question,  has  to  be  su2)ported  between  the  middle  of 
the  sewer  and  the  abutments  projaer  by  masonry. 

Not  being  called  upon  to  do  so,  at  the  time  I  examined  the  fallen 
Cohocksink  sewer,  I  made  no  sisecial  investigation  as  to  the  immediate 
or  proximate  cause  or  causes  of  its  failure.  Mr.  Hering's  exposition  of 
Avhat  he  believes  w^as  the  cause  apj^ears  to  me  to  be  sustained  by  his 
theory. 

I  Avas  satisfied  at  the  time,  and  I  am  still  satisfied  that  Mr.  Hering's 
arrangement  of  the  brick  work  -was  much  stronger  than  sewers  of  the 
dimensions  mentioned  are  usually  built,  but  at  the  same  time  I  expressed 
the  opinion  to  Mr.  Hering  that  the  top  course  of  brick  which  he  had 
added  was  unnecessary  ;  for  the  reason,  that  the  arches,  according  to 
theory,  and  according  to  my  experience  in  j)ractice  Avere  thick  enough 
without  it. 

That  which  I  approved  of  was  the  princii^le  of  somewhat  increasing 
the  thickness  of  the  regular  brick  work  on  the  haunches  so  as  to  bring 
the  line  of  j)ressure  and  maintain  it  near  to  the  middle  of  the  brick 
masonry,  and  so  as  to  diminish  somewhat  the  quantity  of  the  rubble 
masonry  abutments  near  the  top.  I  also  ajjproved  of  the  arrangement 
by  which  the  bed-joints  were  laid  nearly  perpendicular  to  the  pressure 
line  in  the  middle  third  of  the  brick  work.  Bonding  the  bricks  so  as  to 
throw  the  line  of  pressure  through  header  courses  to  i^revent  separation 
(if  rings  is  also  an  advantageous  arrangement,  adoi:)ted  by  Mr.  Hering. 

An  equilibrated  arch  may  not  be  a  circle  on  the  intrados,  if  the 
structure  be  required  to  sustain  a  heavy  dead  load,  level  on  top,  which 
is  sometimes  the  case  with  sewers  ;  but  the  sewer  being  circular,  with  an 
i  avert,  the  arrangement  of  Mr.  Hering's  seems  to  be  an  ajjproach  to 
equilibration  ;  having  little  tendency  to  break  in  one  part  more  than  in 
another,  and  is  on  that  account  commendable. 

K.  Hering. —In  reply  to  Col.  Roberts,  I  would  like  to  state  that  the 
tliickness  of  the  arch  in  Fig.  1,  was  determined  by  some  old  empirical 
rule,  and  as  my  examination  has  shown,  and  as  Mr.  Chesbrough 
wi-ites,  it  is  too  light.  The  increased  thickness  in  the  new  designs, 
Avliicli  Col.  Roberts  thinks  was  unnecessary  in  one  cas?,  is  in  exact  ac- 
c.n-dance  witli  the  latest  em;nrieal  formulic  of  Trautwine,  Rankine  and 
o'liers. 
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The  safe  working  load  for  brickwork  is  given  all  the  way  from  80  to 
"280  pounds  per  square  inch.  We  have  been  assuming  it  at  80  pounds, 
iind  find  this  satisfactory 

F.  CoLLiNGWOOD. — Our  experience  on  some  small  brick  arches  in  the 
approaches  of  the  East  River  Bridge  confirms  what  Mr.  Hering  has  said 
in  reference  to  the  use  of  headers  rather  than  of  ring  courses  in  an  arch. 
I  am  inclined  to  think  that  a  judicious  study  of  the  band  to  be  employed 
is  quite  as  imi^ortaut  as  the  discussion  of  the  general  form. 

No  doubt  many  of  you  read  some  time  ago  of  the  failure  of  a  small 
brick  arch  in  the  Brooklyn  ap^Droach  whereby  one  man  lost  his  life. 
After  the  accident  I  was  called  upon  to  make  a  critical  examination  and 
report  upon  the  same. 

The  general  arrangement  of  that  work  is  a  series  of  heavy  piers  about 
100  feet  long,  and  faced  with  stone,  and  running  across  the  bridge. 
These  piers  are  to  be  connected  by  heavy  arches  over  which  the  roadway 
is  to  pass.  Each  pier  is  to  be  a  double  arcade  of  ten  arches,  five  on  each 
floor.  A  i)ortion  of  these  are  shown  in  the  di'awiug  on  page  2G3,  and  it 
was  the  arch  [a  b)  which  failed. 

The  arch  had  a  span  of  13  feet;  rise,  16  inches,  and  thickness  of  20 
inches;  and  was  laid  up  in  five  distinct  rings  of  brickwork,  or  built 
"rowlock,"  as  it  is  called.  The  length  of  the  axis  was  6  feet.  It  abutted 
on  limestone  skew-backs,  and  at  the  time  of  the  failure  about  8  inches 
of  brickwork  above  the  crown  had  been  laid  on  nearly  uniformly.  The 
abutment  for  11  feet  below  the  sjiring  was  7  feet  wide  and  6  feet  thick 
down  nearly  to  the  line  [f  d). 

At  the  time  of  the  accfdent  the  masons  were  at  work  on  top  of  the 
arch,  when  the  foreman  saw  a  crack  open  across  the  toj)  of  pier  at  [h). 
He  instantly  warned  the  men  and  they  ran  to  the  ladders.  By  the  time 
they  had  descended  to  the  floor  below,  the  end  {b)  had  settled  about  6 
inches,  and  was  turning  on  [a)  as  a  pivot.  By  the  time  they  reached  the 
ground  the  arch  was  falling.  It  struck  the  lower  arch  and  broke  it  in 
t^'o,  and  aU  fell  together,  leaving  the  abutment  [g  a)  standing,  but  show- 
ing cracks,  approximately  at  (c  d)  and  [gli),  (I  have  lost  the  sketch  I  made 
at  the  time).  A  movement  of  an  inch  was  i^robably  enough  with  the 
crushing  of  the  mortar  which  would  occur,  to  let  the  arch  slip  through. 

After  making  a  careful  computation  of  weights  I  applied  Dr.  Scheflier's 
graphical  method,  taking  first  the  case  where  the  line  of  jjressures  was 
everywhere  within  the  middle  third.     This  line  pierced  the  line  o?/at 
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about  13  inches  only  from  (d) ;  and  by  trying  the  moments  of  the  thrust  and 
the  pier  at  rf  as  a  centre,  they  were  about  as  one  to  one  and  one-tenth.  Try- 
ing the  possible  case  of  the  line  of  pressures  approaching  to  within  two 
inches  of  crown  and  two  inches  of  intrados  at  spring  (as  the  brickwork 
would  still  be  strong  enough  to  resist  crushing,  the  pressure  being  but 
50  to  60  pounds  per  square  inch  if  resisted  by  one  ring  only),  the  line  of 
pressures  fell  within  the  base  at  the  ground  floor;  and  the  moments  aboiit 
dwere  about  as  1  to  \-{^.  As  this  brickwork  had  been  set  in  stroi:ig 
cement  mortar  it  had  considerable  strength  as  a  beam;  and  I  considered 
the  investigation  as  proving  thus  far,  that  failure  could  not  have  occurred 
by  the  arch  acting  as  a  whole. 

There  was  no  evidence  of  compression  in  the  outer  joints  of  the  abut- 
ment. There  was,  however,  some  evidence  of  the  bricks  just  below  (a  e) 
having  slipped  a  little  on  their  beds  while  the  mortar  was  but  partly  set. 
This  led  to  the  supposition  that  there  might  have  been  just  enough 
movement  to  leave  but  a  partial  bond  or  adhesion  of  the  mortar  between 
the  several  rings,  and  that  they  had  acted  more  or  less  as  a  series  of 
arches.  In  tliia  case  the  line  of  pressure  could  not  have  passed  from 
ring  to  ring,  but  the  resultant  of  all  would  be  approximately  through  the 
central  ring.  Trying  this,  I  found  that  the  thrust  Avould  be  nearly 
double,  and  the  resultant  pressure  would  run  out  a  little  above  the  line 
[df).  The  slowness  of  the  movement  shows  that  the  abutment  was 
barely  overbalanced.  Other  piers  i^recisely  similar  had  stood.  The 
centre  had  been  removed  probably  a  little  too  soon,  although  it  had  stood 
two  or  three  days  and  did  not  fail  until  the  men  were  working  on  it;  but 
I  am  satisfied  in  my  OAvn  mind  that  the  arch  w^uld  prohabh/  have  stood 
had  it  been  bonded  through  sufficiently  to  transmit  the  thrust  from  one 
ring  to  the  next. 

Malian  says:  "The  entire  arch  should  be  divided  into  several 
portions,  by  joints  running  entirely  through  from  the  soflfit  to  the  back, 
the  brick  being  laid  in  these  successive  portions  in  shells  (or  rings) ;  and 
in  blocks,  with  joints  running  entirely  through  the  arch  from  the  soffit 
to  the  back.  Any  bond  may  be  adopted  for  the  portion  laid  in  shells. 
The  blocks  in  which  the  joints  run  entirely  through  should  not  consist 
of  more  than  three  or  four  bricks  in  thickness,  estimated  along  the 
curve   of  the  soffit." 

In  other  words,  he  would  form  masses  which  w'ould  approximate  in 
form  to  the  voussoirs  used  in  stone  work,  with  thinner  strongly  bonded- 
masses  between  them. 
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I  ought  to  say  before  closing  that  the  exterior  arch  abutting  against 
this  is  abundantly  strong  to  take  all  thrust,  and  that  this  arch  would  prob- 
ably be  safe  itself  when  it  had  the  weight  of  the  main  ai'ch  and  roadway 
iipon  it. 
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FALL  OF  THE  WESTERN  ARCHED  APPROACH  TO  SOUTH 
STREET  BRIDGE,  PHILADELPHLV,  PA. 


By  D.  McN.  Stauitek,  C.  E.  ,  Member  of  tlie  Society. 
Read  September  4th,  1878. 


It  is  a  well- accei^ ted  engineer's  maxim  that  failure  is  more  instructive- 
than  success,  and  if  the  following  account  of  the  disaster  at  South  Sti-eet 
Bridge  proves  interesting  to  engineers  generally,  and  serves  as  a  warn- 
ing to  the  younger  members  of  the  profession,  the  purj^ose  of  the  writer 
is  fulfilled. 

The  lesson  specially  taught  by  this  experience  adds  but  one  other  to 
the  many  j)receding  it,  and  treats  of  the  vital  importance  of  an  exhaustive 
examination,  al  any  cost,  into  the  material  underlying  foundations. 

In  this  particular  case  "  economy"  in  the  preliminaiy  explorations 
caused  the  complete  failure  of  otherwise  exceptionally  good  work. 

The  description  is  as  much  in  detail  as  possible  for  the  writer  tO' 
make  it,  for  though  he  was  the  engineer  in  charge  of  the  original  con- 
struction, his  connection  with  the  bridge  was  entirely  severed  on  its 
comjiletion  in  February,  1876.  Since  that  time  the  work  has  been  in 
other  hands,  and  he  can  only  describe  what  liappened  after  his  departure 
from  such  data  as  he  could  gather  from  those  now  connected  with  it. 
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The  portion  of  the  liridge  destroyed  was  made  up  of  nine  segmental 
stone  arches— 43  feet  6  inches  span  and  14  feet  rise,  with  a  width  of  55  feet. 
The  arch  piers — eight  in  number — were  55  feet  long,  5  feet  6  inches 
thick  and  12  feet  6  inches  high.  These  piers  were  built  of  granite 
ashlar,  in  courses  17  inches  to  26  inches  rise.  The  masonry  foundation 
under  the  piers  was  9  feet  high,  with  a  base  of  10  feet  by  60  feet,  the 
material  limestone.  The  arches  were  laid  in  hard  brick  ;  they  were 
24  inches  thick,  with  ringstone  and  skewbacks  of  gi-anite.  The  haunch- 
iug  was  limestone  rubble  masonry,  and  was  carried  up  level  with  line  of 
intrados  of  arch  at  the  crown.  The  spandrel  walls  were  hmestone,  faced 
with  Trenton  sandstone  ashlar,  and  were  surmounted  by  two  12-inch 
granite  coping  courses.  All  masonry  was  laid  in  hydraulic  cement 
mortar,  the  brick  arches  in  one  cement  to  one  sand,  all  other  portions 
in  one  cement  to  two  parts  sand.  To  obviate  settlement,  a  considerable 
portion  of  the  filling  in  between  the  spandrel  walls  was  small  stone  and 
quarry  refuse  ;  the  remainder  was  gravel.  North  River  flagging  was 
used  for  the  footwalks  and  granite  for  the  curb.  The  roadway  was  laid 
with  granite  blocks. 

These  nine  arches  and  eight  piers  fell,  Sunday  morning,  February  10, 
1878,  the  original  cause  being  the  sinking  of  some  of  the  jjiles  under 
one  arch  jsier. 

The  ground  underlying  this  approach  is  an  alhxvial  dejiosit — treach- 
erous and  unstable  in  character  ;  it  is  flooded  to  a  depth  of  about  two 
leet  at  high  tide. 

At  the  west  bank  of  the  Schuylkill  this  deposit  is  about  60  feet  deep 
to  the  rock  beneath,  (a  micaceous  gneiss).  The  rock  rises  raijidly 
toward  the  west,  and  comes  very  nearly  to  the  surface  at  a  point  just 
west  of  the  arched  approach.  Overlying  the  rocks  is  a  stratum  of  very 
hard  gravel,  about  20  feet  thick  at  the  river,  and  above  this  gTavel  is 
mud,  which  becomes  more  dense  as  the  dei)tli  increases,  passing  into  a 
tough  clay  before  it  reaches  the  gravel.  Eunning  through  this  mud 
deposit  at  different  depths  are  strata  of  very  hard  gravel  from  six  to 
eighteen  inches  thick. 

Soundings  were  taken  over  this  ground  with  a  pointed  iron  rod, 
screwed  down  by  the  combined  effort  of  four  men,  applied  to  an  iron 
adjustable  cross-bar  bolted  to  the  rod.  With  this  apparatus  it  was 
impossible  in  all  cases  to  reach  the  rock,  owing  to  the  extreme  hardness 


of  tlie  gravel  strata.  At  the  river  the  depth  to  rt)ck  was  arrived  at  by 
data  obtained  in  sinking  the  iDneumatic  cylinders  forming  the  river 
piers. 

"  The  want  of  an  approj^riatiou  for  any  such  purpose,"  unfortunately 
prevented  a  more  thorough  and  elaborate  investigation  by  means  of 
*'  test  wells." 

When  the  writer  was  appointed  engineer  in  charge,  in  1870,  he  found 
a  contract  already  entered  into  and  work  commenced  on  the  j)lan  of 
approach  described.  The  specifications  of  the  contract  called  for  "pile 
foundations  or  timber  platforms,"  when  rock  was  not  obtainable. 

Numbering  the  arch  piers  from  the  west  toward  the  river,  the  west 
abutment  and  Pier  No.  1  were  on  timber  platforms  on  gravel,  the  gravel 
stratum  rising  very  rapidly  between  Piers  Nos.  2  and  1.  Pier  No.  2,  the 
settlement  of  which  caused  all  the  troiible,  and  Piers  3,  4,  5,  6,  7,  8,  and 
the  river  abutment,  were  founded  upon  piles. 

After  j)iles  of  pine  and  oak  had  been  shattered  by  the  effort  required 
to  drive  them  through  the  thinner  strata  of  hard  gi'avel  spoken  of,  Nova 
Scotia  spruce  jsine  was  adopted.  This  timber  is  very  tougli  and  difficult 
to  split.  "  Bands"  and  "  shoes"  w^ei'e  discarded,  being  found  unneces- 
sary, and,  as  affording  a  better  base,  the  toe  of  the  \A\e  was  not  pointed. 
The  piles  were  from  12  inches  to  18  inches  in  diameter  at  the  butt,  and 
from  46  feet  to  24  feet  long,  when  "  cut  off."  The  longest  piles  were  of 
course  used  nearest  the  I'iver,  and  were  the  first  driven.  The  shortest 
piles  were  under  Pier  No.  2,  and  the  last  driven.  The  pile  driving 
was  finished  in  September,  1870. 

A  steam  "pile-driver"  was  used,  with  a  2,000-lb.  hammer,  and  a 
32-feet  "drop."  The  only  test  as  to  the  stability  of  the  pile  when 
driven  was  to  persistently  hammer  away,  until,  after  the  repeated  trials, 
it  was  found  imjaoasible  to  force  the  pile  any  further. 

There  Avere  eighty-four  piles  under  each  arch  pier — four  rows  of 
twenty-one  piles  each — spaced  two  feet  apart  from  centres.  These  jdIIcs 
were  cut  off  tw  o  feet  below  low-water  mark,  and  the  material  excavated 
from  between  tliem  to  a  depth  of  two  and  one-half  feet  below  the  heads, 
and  this  space  filled  with  concrete.  A  sixteen-inch  hemlock  grillage, 
made  up  of  two  tiers  of  eight-inch  stuff,  from  twelve  to  sixteen  inches 
wide,  was  bolt?d  to  the  toj^s  of  the  piles,  and  all  interstitial  space-,  like- 
wise filled  with  concrete.  Immediately  su^jporting  the  foundation 
masonry  was  a  platform,  built  of  two  courses  of  3-incli  hemlock  plank. 
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rspikeil  diagonally  to  the  grilliige  and  crossed.  The  dimensions  of  the 
platform  were  60  feet  by  10  feet,  and,  including  the  concrete,  it  was  4 
feet  4  inches  thick.  The  foundation  masonry  under  the  pier  was  lime- 
stone rubble  work,  very  large  and  well-shaped  stones  being  used. 

The  greatest  load  that  can  be  assumed  as  being  carried  by  the  i^iles 
under  any  one  of  the  arch  piers  is  2,000  tons;  and  this  load,  distributed 
over  eighty-four  piles,  would  give  about  twenty-four  tons  per  pile,  little 
more  than  one-half  their  safe  load,  assuming  the  piles  to  be  driven  to  a 
solid  foundation. 

And  just  here  we  might  mention  that  under  the  mischief  making 
Pier  No.  2  the  piles  were  driven  the  same  as  they  were  under  the  other 
piers — until  they  would  penetrate  the  soil  no  further.  The  platform  on 
the  piles  was  a  very  stiff  one,  and  a  light  load  was  imposed  upon  each 
pile.  When  the  foundation  Avas  completed  there  was  no  reason  to  doubt 
its  stability,  for  it  was  supposdd  that  the  hard  driving  to  which  the  piles 
were  subjected  would  more  than  countei'balance  the  absence  of  "te.st- 
well "  exploration,  prevented  by  want  of  funds.  The  mechanical  force 
of  the  blow  of  the  hammer  was  more  than  the  permanent  load  upon  the 
pile.  The  material  through  wliich  the  pile  was  driven  was,  from  the 
veiy  surface,  impervious  to  water,  and  the  lower  portions  of  a  nature  to 
guarantee  a  very  considerable  frictional  value.  Yet,  notwit'.jstanding 
all  this  seeming  safety,  the  piles  under  one  end  of  Pier  No.  2  did, 
finally,  sink,  after  supporting  their  full  load  for  six  or  seven  years,  for 
reasons  given  further  on  in  this  article. 

As  previously  mentioned,  the  writer  left  the  bridge  upon  the  comple- 
tion of  the  work  in  1876,  and  has  since  been  employed  on  other  and 
distant  work.  Having  his  attention  called  to  the  sinking  of  one  of  the 
arch  piers  by  articles  in  the  itublic  press,  he  visited  the  bridge  on  Feb- 
ruary 7th,  1878,  and  found  that  the  trouble  was  all  confined  to  the 
north  end  of  Pier  No.  2,  all  other  portions  of  the  arched  aj^proach 
being  in  perfect  condition.  Pier  No.  2,  it  is  reported,  first  began  to 
show  signs  of  failing  in  the  early  part  of  1877.  In  about  one  year — to 
the  date  first  given — the  north  end  of  the  pier  ha:!  settled  twenty  inches 
below  its  normal  position.  The  south  end  practically  stood  firm,  the 
south  coping  and  handrailing  showing  no  disturbance  whatever  in  line 
or  level.  Owing  to  the  stiffness  of  the  platform,  the  arch  pier  and  its 
foundation  masonry  was  sinking  as  a  mass,  none  of  the  mortar  joints  in 
the  pier  being  cracked,  either  horizontally  or  vertically.     The  skewback 
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l^reservecl  a  straight  line,  as  shown  by  the  heavy  black  line  on  Plate 
XXXIII.  The  foot  of  the  pier  had  pushed  about  six  inches  to  the  south, 
thus  making  it  appear  as  if  the  i)latform  and  foundation  and  pier 
masonry  were  revolving  about  a  point  located  in  the  south  face  of  the 
approach,  above  the  springing  line  of  the  arch. 

A  single  crack  was  apparent  in  the  intrados  of  each  of  the  brick 
arches  adjoining  the  sinking  pier,  making  an  angle  of  about  sixty  degrees 
with  the  plane  of  the  springing  line.  These  two  cracks  were  confined  to 
the  northern  half  of  the  arches,  and  were  not  more  than  half  an  inch 
wide  at  their  widest  point.  The  southern  half  of  the  arches  appeared  to 
be  perfectly  sound. 

Over  the  north  end  of  Pier  No.  2  the  mortar  joints  in  the  spandrel 
were  badly  crashed,  and  some  of  the  face  stones  broken,  under  the 
pressure.  The  two  coping  courses,  and  with  them  the  footwalk  curb- 
ing, and  one-half  the  roadway,  had  settled  twenty  inches  at  the  lowest 
point,  the  settlement  taking  the  form  of  a  regular  curve,  and  extending 
each  way  from  the  centre  line  of  the  pier  to  a  point  nearly  over  tlie  crown 
of  the  adjacent  arches. 

On  Saturday  moruiug,  FeT)ruary  9th,  1878,  workmen  came  upon  the 
ground  to  commence  the  much  needed  repairs.  One  party  began  to 
frame  struts,  to  be  set  up  under  the  sinking  arches,  on  some  plan 
unknown  to  the  writer.  But  another  gang,  l)efore  these  struts  were  even 
partially  in  place,  with  veiy  questionable  wisdom,  commenced  to  remove 
tlie  flagging,  curb  and  Belgian  blocks  over  the  northern  half  of  Pier 
No.  2. 

According  to  the  statement  of  the  men  engaged  npon  this  wtn-k,  they 
found  this  material  subjected  to  great  luessure,  and,  naturally,  they 
experienced  great  difficulty  in  displacing-  it.  They  say  this  was  done 
with  the  idea  of  reducing  the  rate  of  settlement  and  gaining  lime,  by 
getting  rid  of  some  of  the  superincumbent  weight. 

As  to  what  "this  rate  of  settlement"  was,  having  no  personal  knowl- 
edge, the  writer  can  only  quote  from  a  published  letter  of  the  Survey 
Department,  viz. :  "  Levels  taken  six  days  prior  to  February  l()th  did  not 
'•  show  any  ajipreciable  difference  from  those  taken  three  diiys  before; 
*'  but  from  the  fifth  to  the  eighth  the  settlement  per  (hiy  incrensed  from 
"  three  hundredths  of  a  foot  to  seven  hundredths  of  a  foot.  (Jn  the 
"afternoon  before  the  fall  it  sank  from  two  to  three  hundredths  of  a 
"  foot  per  hour,  the  last  twenty-four  lumrs  amounting  to  six-tenths  of  a 
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"  foot."  The  words  "  day  "  and  "hour  "  are  not  italicized  in  the  original 
letter,  but  show  a  very  sudden  and  rapid  increase  in  the  settlement  ou 
Saturday  afternoon. 

About  7  o'clock  on  .Sunday  morning,  February  10th,  the  crippled 
arches  gave  way  at  the  haunches  and  fell;  and,  there  being  no  centres, 
ties  or  supports  of  any  kind  under  any  of  the  arches,  the  seven  sound 
arches  immediately  followed,  all  falling  toward  Pier  No.  2. 

The  masonry  in  the  approach  was  very  good,  as  the  ruins  testified; 
portions  of  the  brick  arches  10  and  12  feet  wide,  and  80  feet  long,  fell  to 
the  ground,  a  distance  of  about  30  feet,  Avithout  shattering;  some 
smaller  pieces  of  the  arch  were  turned  completely  upside  down,  showing 
the  intrados  on  top  as  they  lay. 

A  short  time  after  the  full  "  test- wells  ''  were,  after  much  trouble,  sunk 
to  the  rock  around  Pier  No.  2,  and  from  those  employed  on  this  work 
tlie  following  data  were  obtained: 

Thirty  feet  north  of  Pier  No.  2  the  rock  was  found,  thirty-three 
feet  below  the  surface  of  the  marsh;  at  the  north  end  it  was  forty  feet  to 
the  rock;  while  at  the  south  end  of  the  pier  the  deposit  was  thirty-six 
feet  deej)  to  the  bed  rock;  thus  making  a  depression  in  the  profile  of 
the  rock  just  under  the  north  end  of  the  pier.  Coverin^g  this  depression 
was  a  bed,  about  three  feet  thick,  of  soft  mud,  mixed  with  gravel,  and 
over  this  a  stratum,  seven  feet  thick,  of  very  hard  gravel  and  tough  clay. 
At  the  south  end  of  the  pier  there  was  no  mud,  and  the  gravel  stratum 
was  reduced  to  a  thickness  of  eighteen  inches.  From  the  gravel  to  the 
surface  the  material  was  mud — quite  soft  at  the  surface,  but  pa.ssing  into 
a  tough  clay  some  time  before  it  reached  the  gravel.  This  upper  mud 
stratum  Avas  impervious  to  water,  no  pumping  having  been  re(i[uired  in 
laying  the  original  foundation,  unless  a  gravel  vein  was  tipped  or  water 
eame  in  from  the  surface.  An  inspection  of  the  accompanying  plan  will 
make  the  above  more  clear. 

These  soundings  make  plain  the  original  cause  of  the  failure,  and 
explain  one  of  the  "mysterious''  features  of  the  case — why  the  pier 
should  sink,  after  standing  for  six  oi'  seven  years. 

Unfortunately,  the  exact  length  of  each  pile,  as  driven  and  cut  oti', 
cannot  now  be  ascertained,  for  tlu'  contractor  was  paid  "  per  pile,"  and 
not  per  "  lineal  foot."  But  it  is  a  matte:-  of  record  that  the  piles  under 
Pier  No.  2  were  from  28  feet  to  80  feet  long  as  hoisted  into  the  "driver," 
and  that  the  "average  length"  of  the  84  piles,  a;  cuh  off,  wa ;  25  feet» 
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The  Avant  of  tl  i-;  (^xact  data  makes  it  impossible  to  show  in  the  diagram 
]  o\v  near  the  mud  the  piles  at  the  north  ecd  were  actually  driven. 

The  writer's  theory  to  account  for  the  stability  of  the  structure  for 
a  period  of  years  before  failing,  is  as  follows  :  That  at  the  south  end  of 
Pier  No.  2  the  piles  were  driven  almost,  if  not  quite,  to  the  rock,  there 
not  being  a  sufficient  thickness  of  hard  material  to  prevent  this  being 
the  ease,  and,  as  a  consequence,  that  end  stood  firm;  but  at  the  north 
end  of  the  pier,  under  the  heavy  driving,  the  piles  penetrated  almost 
through  the  hiirJ  stratum,  say  to  within  two  or  three  feet  of  the  upper 
limit  of  the  "  mud  pocket."  When  this  pjiut  was  reached,  the  direct 
and  frictional  resistance  Avas  sufficiently  great  to  prevent  further  pene- 
tration. Just  what  this  frictional  res'stance  was,  can,  under  the  cir- 
cumstances, be  only  estimatsd.  Eankine's  rule,  Avould  give,  as  here  ap- 
l)lied,  about  8  tons  per  pile.  B3  this  what  it  may,  from  the  nature  of 
the  material,  it  must  have  been  considerable  ;  and  events  prove  that  there 
was  a  sufficient  amount  of  hard  material  between  the  mud  aijd  the  toe  of 
the  pile  to  sup^jort  the  structure  for  a  long  time. 

But  the  tremor  in  the  piles  produced  by  the  heavy  and  constant  travel 
over  the  aj)proach  Avas  in  this  case  an  element  of  destruction.  This 
tremor  had  a  tendency  to  loosen  the  jjile  from  the  impervious  material 
into  which  it  Avas  driven,  and  alloAV  the  surface  Avater  to  slowly  find  its 
Avay  down  along  the  pile.  In  time  this  water  Avould  "lubricate"  the 
pile  and  destroy  the  frictional  value  of  the  mud,  and  constantly  add 
■additional  load  to  that  originally  carried  by  the  toe  of  the  pile  ;  which 
original  'load,  we  wdll  say,  Avas  in  this  case  16  tons.  Possibly,  before 
the  AA'hole  of  the  8  tons  (previously  carried  by  friction)  Avas  added  to  the 
IG  tons  already  on  the  toe,  the  safe  bearing  value  of  the  hard  crust  was 
reached,  and  the  structure  began  to  settle  into  the  softer  material  beneath 
it,  shown  in  "black  "  on  the  i)lan.  Whether  the  piles  punched  through 
the  crust,  or  whether  piles  and  crust  sank  together,  cannot  be  ascer- 
tained. 

As  the  "  mud  pocket "  was  there,  it  was  unfortunate  that  it  did  not 
extend  equally  under  the  Avhole  pier  ;  for  in  that  case  the  piles  might 
have  gone  down  A-ertically  and  preserved  the  horizontal  line  of  the  pier. 
Judging  from  the  condition  of  the  brick  arches  just  before  the  fall,  and 
from  the  fact  that  the  rubble  haunching  was  carried  up  almost  to  the 
line  of  the  crown  of  the  arches,  the  pier  might,  under  this  condition  of 
affairs,  have  sunk  much  lower  than  it  really  did  before  destroying  the 
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stability  of  the  arches.  As  it  was,  one  end  of  the  pier  sank  and  the 
other  practically  stood  firm.  Owing  to  the  stiffness  of  the  platform 
under  it,  the  arch  pier  and  foundation  masonry  did  not  crack  vertically, 
as  would  have  been  the  case  with  a  weak  jDlatform  under  these  condi- 
tions. But  the  platform  and  pier  on  it  remained  intact,  one  end  of  the 
mass  merely  settling  lower  than  the  other.  As  the  piles  were  fastened 
to  this  platform,  the  efifect  was  to  throw  out  of  the  j)ei'pendicular  all 
those  piles  that  were  on  hard  bottom,  pushing  their  heads  toward  the 
south.  As  the  tipper  strata  of  the  soil  at  that  point  were  soft  and 
afforded  little  lateral  resistance,  it  was  only  a  question  of  time  when  the 
angle  made  between  the  platform  and  a  horizontal  line  should  become 
sufficiently  great  to  overthrow  the  piles. 

An  examination  of  Pier  No.  2,  after  the  fall,  showed  that  it  had  settled 
into  the  soft  surface  material  almost  vertically — the  springing  line  being 
al)ont  12  feet  at  the  north  and  6  feet  at  the  south,  below  its  normal  po.si- 
tion  ;  thus  proving  that  it  had  overthrown  the  piles  and  settled  down 
upon  them.  The  pier  was  still  unbroken,  but  had  pushed  several 
feet  to  the  southward.  The  sj)andrel  walls  had  fallen  vertically,  and  the 
north  spandrel,  with  the  skewback  and  a  considerable  portion  of  the 
ringstone  and  brick  arches  still  attached  to  it,  extended  out  some  dis- 
tance over  the  pier. 

In  clo.sing  this  article,  the  following  comments  may  not  be  out  of 
place  : 

The  wi.sdom  of  adopting  segmental  stone  arches  over  such  an  un.stable 
soil,  instead  of  iron  plate  girders,  has  been  questioned.  But  this  was  a 
question  of  foundation,  and  not  of  superstructure.  Stone  arches  have 
been  standing  on  jjile  foundations  for  centuries  without  failing,  and  it 
was  supposed  that  it  could  be  done  again  ;  that  the  destruction  would 
have  been  less  in  this  case,  had  iron  girders  been  used,  no  one  will  deny. 

Bi;t  stone  arches  having  been  adopted  over  treacherous  ground, 
nothing  but  the  most  searching  examination  into  the  nature  of  the 
;inderlying  material,  at  any  cost,  should  have  satisfied  the  engineers. 
Economy  in  sinking  "  test  wells  "  too  far  apart  might  in  this  case  have 
been  as  fatal  as  depending  entirely  upon  "  sounding  with  an  iron  rod." 

Pier  No.  2  should  not  have  been  allowed  to  settle  for  nearly  a  year, 
and  to  the  extent  of  twenty  inches,  before  some  examination  Avas  made 
into  the  material  beneath. 

Precautions  should  have  been  taken  to  secure  against  accident  that 
portion   of  the   work   still   uninjured.      Twenty-four   hours  hard  work 
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would  have  doue  this.  This  neglct-t  alone  cost  eighty  per  cent,  nearly, 
or  about  .^120, 000  of  the  total  loss. 

In  the  opinion  of  the  writer,  it  was  very  unwise,  to  say  the  least,  to 
commence  repairs  \)j  disturbing  the  material  overlying  the  sinking  end 
of  Pier  No.  2.  Under  the  form  this  material  had  assumed,  it  was  acting 
las  an  inverted  arch,  and  its  tendencj'  was  to  relieve  the  failing  pier  of 
some  portion  of  the  superincumbent  weight.  The  sudden  and  rapid 
increase  in  the  rate  of  settlement  after  this  material  was  disturbed,  as 
shown  in  the  letter  quoted,  seems  to  bear  out  this  theory.  Repairs  Avere 
<-ommenced  just  twenty-four  hours  before  the  fall  of  the  arches,  and  at 
the  point  mentioned  ;  and  in  the  latter  half  of  that  twenty-four  hours 
("  the  afternoon  "  of  Saturday,  in  fact,)  the  pier  sank  at  least  as  much  as 
it  had  in  the  preceding  ten  or  twelve  days. 

While  the  writer  assumes  all  the  responsibility  belonging  to  him,  as 
engineer  in  charge  of  the  original  structure,  he  prefers  having  it  dis- 
tinctly ixnderstood  that  he  has  had  nothing  whatever  to  do  with  the 
bridge  since  its  completion  in  Feljruary,  1876.  Since  that  time  the  work 
lias  been  in  other  hands. 

GENEKAIi   DeSCEIPTION    OF   THE   SoUTH   StKEET   BeIDGE. 

This  bridge  crosses  the  River  Schuylkill,  in  the  City  of  Philadelphia. 
The  centre  line  of  bridge  commences  at  the  intersection  of  Chippewa 
sxnd  South  street,  on  the  east  bank  of  the  river,  and  making  an  angle  of 
35  degrees  at  the  east  bank,  crosses  the  river — marshy  land  beA-ond  and 
two  railroad  lines — to  the  intersection  of  Thirty-second  and  Pine  streets, 
on  the  west  bank,  a  total  distance  of  1  976  feet,  with  a  width  of  55  feet 
at  all  points  except  the  draw  span,  which  is  36  feet  wide.  The  eastern 
approach  is  made  up  of  380  feet  of  heavy  sandstone  ashlar  retaining 
Avails,  three  "flue"  arches  at  the  angle,  and  a  granite  abutment  at  the 
river  45  feet  long  by  60  feet  wide.  The  river  is  crossed  by  two  iron-fixed 
through  spans,  each  195  feet  8  inches  long,  and  36  feet  between  trusses, 
and  a  draw  span  198  feet  2  inches  long  and  23  feet  between  trusses. 
The  river  piers  are  iron  c^'linders  filled  with  masonry,  and  sunk  to  the 
bed  rock  by  the  "  Plenum  pneumatic  process."  The  piers  for  the  fixed 
spans  are  two  cylinders  8  feet  in  diameter,  36  feet  apart  from  centres, 
with  cast-iron  ice-breakers,  filled  with  concrete.  The  eastern  pier  is 
bolted  to  the  rock,  32  feet  below  high  tide  ;  the  western  pier,  46  feet 
beloAV  high  tide. 
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The  draw  is  carried  by  nine  cylinders,  a  central  one,  6  feet  in  diameter, 
and  eight  others  arranged  in  a  circle,  each  4  feet  in  diameter,  all  tied 
together  by  iron  beams  and  sway-braces,  and  protected  by  a  surrounding 
crib  work  of  wood  filled  with  stone.  The  western  arched  approach  is 
f  idly  described  in  the  preceding  account  of  the  wreck.  The  railroads 
are  crossed  by  three  iron  spans,  of  a  total  length  of  245  feet.  A  granite 
abutment  and  75  feet  of  granite  retain  wall  completes  the  structure. 

The  only  pile  foundations  used  are  under  seven  of  the  arch  piers  and 
the  main  abutment  west  of  the  river.  All  other  foimdations  are  on  plat- 
forms of  timber  restinsr  on  sravel. 


Aote.— The  South  Street  Bridge  was  authorized  by  act  of  Pennsylvania  Legislature,  finally 
approved  May  3,  1869.  By  this  act  a  Commission  of  twenty-two  men  was  created  to  supervise 
and  control  the  work,  the  Chief  Engineer  and  Surveyor  of  the  City  of  Philadelphia  to  direct 
the  building  of  the  bridge.  On  :\Iarch  1,  1870,  the  contract  for  erecting  the  bridge  was  awarded 
to  John  W.  Murphy,  C.  E.— Moses  A.  Dropsie,  Esq.,  being  the  President  of, the  Commission, 
and  Strickland  Kneass,  C.  E.,  being  Chiel  Engineer  and  Surveyor  of  the  City.  Competitive 
plans  had  been  previously  advertised  for,  and  the  plan  submitted  by  J.  W.  Murphy 
was  adopted  by  the  Commission.  The  contract  price  was  a  round  sum  of  $777,800  for  the 
completion  of  the  bridge.  A  supplemental  contract  with  Mr.  Murphy  for  the  "Draw 
Fender  "  raised  this  sum  to  $812,800.  Work  was  commenced  March  16,  1870.  August  12, 1870, 
D.  McK.  Stauffer  was  appointed  Engineer  in  charge  for  the  Commission.  In  March,  1872,  Mr. 
Kneass  resigned  his  office,  and  Samuel  L.  Smedley,  the  present  incumbent,  was  elected  by 
councils,  March  14,  1872,  to  succeed  him  as  Chief  Engineer  and  Surveyor  of  Philade.lphia.  In 
September,  1874,  Mr.  Murphy,  the  contractor,  died,  and  the  work  was  completed  by  his 
executors. 

On  November  30,  1875,  the  bridge  was  opened  to  pedestrians,  and  formally  opened  to  travel 
on  February  17, 1876. 

In  accordance  with  the  peculiar  municipal  organization  of  the  City  of  Philadelphia,  the 
Department  of  Surveys  merely  designs  and  superintends  the  erection  of  all  bridges. 
After  the  bridge  is  finished  the  "  Department  of  Highways  "  takes  sole  charge  of  it  and  is  re- 
sponsible for  all  damage  caused  by  neglect  to  report  trouble  to  the  Survey  Department,  and 
should  ask  for  plans  and  estimates  for  such  repairs  from  the  Survey  Department.  It  thus 
seems  that  the  Department  of  Highways  was  responsible,  at  this  bridge,  for  some  portion  of 
the  delay  in  making  the  proper  repairs. 
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DISCUSSIONS- 


{a.)  On  Cements,    by  Don  J.  Whittemoee  and  F.    Collingwood; 
(b.)  On  Nomenclatnre  of   Building  Stones   and   Stone  Masonry,  by  J.. 

Foster  Flagg.    J.  J.    E.   Croes,    J.    P.   Davis,   F.    Collingwood, 

J.  Veazie  and  E.  P.  North. 

Discussion  of  Paper  CLII. — Notes  and  Experiments  on  tlie  Use  and 
and  Testing  of  Portland  Cement.* 

Don  -T.  Whittemore. — To  the  engineer  about  to  institute  a  series  of 
experimental  tests  of  cement  Mr.  Maclay's  i^aper  is  of  preeminent  value  in 
directing  an  observance  of  conditions  often  neglected  heretofore. 

That  low  temperature  arrests  in  a  marked  degree  the  indurating  i)ro- 
cess,  as  it  does  chemical  action  generally,  is  well  known  to  many  practi- 
cal engineers.  When  greater  care  is  taken,  not  only  in  regard  to  the 
kind  of  water  used,  relative  fineness  of  cement,  and  degree  of  tempera- 
ture, of  which  the  paper  under  consideration'  specially  treats,  but  as  re- 
gards a  uniform  method  of  manipulation  and  testing,  the  subject  will 
then,  and  not  till  then,  be  shorn  of  the  many  contradictory  results 
reached  by  different  experimenters,  and  data  xviU  accumulate  from  which 


*  Vol.  VI,  page  312,  (December,  1877), 
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to  form  correct  theory,  or,  rather,  remove  the  subject  from  the  domain  of 
theory  into  that  of  fact. 

In  my  own  experimental  inquiry  in  rehvtion  to  cements,  extending 
through  several  years,  I  find  that  nothing  satisfactory  can  be  done  with- 
out first  taking  every  precaution  and  ^•efinement  in  measuring,  weighing, 
and  manipulating  that  can  be  devised  in  preparing  specimens,  and  that 
the  resulting  tests  are  of  little  relative  value,  unless  all  specimens  are  ex- 
posed to  the  same  temperature.  My  own  observation  leads  me  to  the 
belief  that  the  action  of  heat  and  cold  upon  mortars  of  American  hydraulic 
cements  is  more  erratic  in  character  than  upon  Portland. 

The  few  tests  I  have  made  with  Portland  cement  corroborate  the  de- 
ductions of  Mr.  Maclay  as  to  the  weight  and  fineness  of  the  cement  in 
relation  to  the  tensile  strength.  I  have  one  example,  in  which  I  em- 
l^loyed  the  same  sieve  he  uses  (2,  500  meshes  to  the  sqitare  inch),  which  I 
will  refer  to.  But  first  I  desire  to  say  that  I  have  long  since  discarded  the 
method  of  weighing  the  struck  bushel,  no  matter  how  filled.  By  weigh- 
ing one  cubic  inch  of  cement,  measured  in  a  mould  of  that  size,  under  a 
pressure  of  32  pounds,  and  taking  the  average  of  six  or  eight  such  weigh- 
ings, I  can  arrive  at  a  comparative  weight  that  will  be  con-ect  to  within 
iV  of  one  per  cent.  The  amount  not  j)assing  the  sieve,  in  the  example  I 
give,  was  13  per  cent.,  and  the  moulded  samples  Avere  kept  in  air  at  a 
temperature  of  about  70  degrees,  Fahrenheit,  for  24  hours,  then  placed 
in  water  of  58  degrees  temperature  for  six  days,  and  tested  immediately 
after  removal,  with  the  following  results  : 

Weight  of  Tensile  strength 

American  Portland.  one  per 

cnbic  iuch.  square  inch. 

Unsifted -l-lOr'o  grains.  323  lbs. 

Sifted 426VV       "  298    " 

^  screenings  and  J  sif tings 331     " 

The  portion  rejected  by  the  sieve  when  moulded  clear  appeared  to  be 
comparatively  inert,  but  on  rogrlnding  name,  so  that  it  all  would  pass 
the  sieve,  it  gave  a  tensile  strength  of  352  j^ounds  at  seven  dajs.  I  take 
it  that  the  regrindiug  simply  allows  the  active  particles  of  matter  to  come 
in  closer  contact,  and  witliin  range,  I  may  say,  of  their  molecular 
affinities.  In  manufactuiing  Portland  cement  it  is  not  possible  to  sub- 
ject all  the  matter  to  a  uniform  degree  of  heat.  The  result  is  that  a 
portion  of  the  compound  is  underburned,  and  in  grinding  pulverizes 
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easily,  while  that  portion  aiiproaching  vitrefaction  is  harder  and  m(y.'e 
difficult  to  grind,  and  from  it  a  large  portion  of  the  coarser  particles  is 
derived. 

Too  great  a  degree  of  heat  in  burning  Portland  appears  to  free  some 
of  the  lime  from  silica  and  other  matter  of  the  compound,  in  which  con- 
dition the  free  lime  comports  as  ordinary  lime,  causing  cracks,  swellings, 
&c. ;  hence  through  the  desire  to  manufacture  an  article  that  will  develop 
great  tensile  strength  at  seven  days,  by  high  torrification,  the  result 
is  often  the  production  of  a  cement  possessing  these  objectionable 
qiialities. 

Opinions  differ  as  to  the  effect  of  salt,  sewer,  and  fresh  water  u]5on 
cements.  I  am  inclined  to  the  belief  that  water  which  has  absorbed  the 
most  carboni'c  acid,  without  matter  in  solution  deleterious  to  cement,  will 
always  be  found  the  best  for  immersion,  in  hastening  the  indurating  pro- 
cess, and  I  can  corroborate  this  statement  by  many  examples  within  my 
own  experience.  Take  the  example  of  server  water  immersion,  given  in 
the  paper  under  consideration.  This  water  must  have  been  well  saturated 
with  carbonic  acid,  and  the  best  results  were  attained  by  the  use  of  it ;  at 
the  same  time  it  can  readily  be  seen  why  dirty  or  sewer  water  may  be  in- 
jurious for  making  the  initial  mixture  ;  for  thei*e  is  engrafted  into  the 
composition,  whether  there  exists  affinity  or  not,  all  the  injurioiis  elements 
of  the  contaminated  water,  while  in  water  of  immersion  molecular  affinity 
makes  the  selection  demanded. 

Water,  or  vapor  of  water,  ap^jears  to  be  the  vehicle  that  transports 
carbonic  acid  to  the  molecules  in  cement,  and  even  in  Portland,  as  I  have 
jjroved  in  repeated  instances,  the  indurating  jjrocess  is  hastened  largely, 
after  the  first  act  of  hydration,  by  the  absorption  of  carbonic  acid.  This 
is  eminently  true  of  many  varieties  of  American  hydraulic  cements. 

Though  not  strictly  applicable  to  the  subject  under  discussion  I  will 
give  an  example  of  the  effect  of  carbonization  upon  one  variety  of  Ameri- 
can hydraulic  cement. 

I  placed  several  briquettes  of  pure  cement  in  a  bath  of  water  vapor 
constantly  saturated  with  carbonic  acid,  for  a  period  of  52  days.  Similar 
specimens  were  made- and  immersed  in  fresh  water  for  the  same  period  of 
time,  and  then  all  were  broken  with  average  results  as  follows  : 

Tensile  strength,  fresh  water  samples 156  lbs.  per  square  inch. 

"  "         carbonic  acid  bath  samples . .    345    "      "         "         " 


277 

The  tensile  strengtli  of  cement  has  become,  to  quite  an  extent,  the 
favorite  measure  of  qualit}'.  In  ordinary  iise  it  is  subjected  to  the 
<lirect  strains  of  crushing,  breaking,  and  adhesion,  and  it  is  my  opinion 
that  no  system  of  testing  is  complete  which  does  not  give  these  values. 
From  my  experience,  I  judge  it  to  be  as  impossible  to  determine  the 
resistance  of  cements  to  strains  of  these  kinds,  from  the  known  tensile 
strength,  as  it  is  to  determine  the  resistance  of  cast-iron  to  crushing, 
from  the  known  tensile  strength  of  wrqught-iron.  Cements  dififer  as 
much  in  ratio  of  capacity  to  resist  the  several  strains  mentioned  as  'do 
the  several  qualities  of  iron. 

For  the  purpose  of  securing  uniformity  in  making  cement  tests,  I  be- 
lieve it  would  be  eminently  proi)cr  for  this  Society  to  recommend  a  code 
of  rules  to  be  observed  by  experimenters.  Specimens  can  be  made  much 
.smaller  than  those  xisually  moulded,  and  by  so  doing  insure  more  perfect 
form  and  manipulation,  with  less  labor  ;  which  will  give,  in  my  opinion, 
more  uniform  and  trustworthy  results.  Many  of  my  most  satisfactory 
and  reliable  tests  have  not  required  much  more  than  a  thimljleful  of 
<;ement  to  each  specimen.  Great  pains,  however,  were  taken  to  have 
■what  was  used  a  fair  exj)onent  of  quality. 

Every  careful  fabricator  of  mortar  has  his  own  personal  equation  of 
manipulation.  To  secure  results  of  a  reliable  character  from  which  to 
determine  an  empirical  formiila  that  will  api^roximately  express  the 
activity  and  energy  of  cement  mortars  during  the, period  of  induration 
requires  the  manipidator  to  have  a  delicacy  and  rapidity  of  touch  and 
the  faculty  of  ra^^id  and  carefiil  weighing  and  measuring  not  possessed 
by  the  ordinary  laborer,  who  is  often  delegated  to  j^erform  this  part  of 
the  work,  and  to  this  neglect  I  attribute  a  large  share  of  the  anomalous 
results  of  many  experimenters. 

In  the  endeavor  to  gather  data  from  which  to  frame  such  empirical 
formuhip,  I  have  found  it  necessary  to  test  samples  immediately  on  their 
removal  from  the  Avater,  otherwise  anomalous  results  would  often  occur, 
such  as  are  shown  in  Mr.  Maclay's  Table  14. 

Using  every  precaution  in  manipulation,  exi^osure  and  testing,  to 
secure  uniformity,  the  data  so  gathered  warrant  me  in  saying  that  for  at 
least  two  years  cement  mortars  never  retrograde  in  tensile  strength,  but 
increase  approximately  in  proportion  to  some  root  of  the  age.  For  a 
fair  quality  of  Portland,  the  index  of  this  root  is  ten  (10),  and  the  ex- 
pression becomes 
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S  =  A  "v'  7^  ill  wliieli  formula 

S  equals  the  strength  at  age  T,  and 

^  is  a  factor  determined  experimentally  by  dividing  the  known  strengtli, 

at  any  age  of  samj^le  by  the  tenth  root  of  its  age. 

I  find  that  many  good  and  bad  cements  are  qiiite  irregular  in  their 
rate  of  induration  uj}  to  about  the  21st  day,  beyond  which  time  they  in- 
crease in  a  ratio  that  can  be  aj)i)roximately  formulated  ;  therefore  to  give 
a  fair  judgment  of  quality,  tests  at  seven  days  are  not  always  reliable. 
The  value  of  ^4  in  the  above  formula  should  be  derived  from  tests  made 
on  or  after  the  twenty-first  day  after  fabrication  of  test  samples. 

For  the  j^urpose  of  illustrating  how  close  this  empirical  formula  ac- 
cords with  observed  tests  for  the  first  two  years,  I  extract  from  the  work 
of  John  Grant  on  the  strength  of  cements,  loage  122,  table  IS.  the  follow- 
ing, converting  his  time  of  exposure  of  samples  to  days,  and  his  strength 
measure  to  pounds  j)er  square  inch. 

The  last  column  is  deduced  from  my  formula  : 

;S'=303.  i\/7^. 


Age  iu  days. 

J.  Graut'i 

3  obferved 

slreugth. 

By 

above  formnlav 

7 

303 

368 

30 

416 

426 

91 

469 

476 

182 

523 

510 

274 

542 

531 

365 

547 

547 

730 

589 

586 

For  further  evidence  of  the  correctness  of  this  formula  I  refer  to- 
Grant's  table  2,  Series  A,  for  hand-made  samjoles,  to  table  19  and  to  table 
21,  samjjles  in  fresh  water,  to  which  the  formulas 

342.  IV T, 

287.  i\/2; 

350.  "v'  T  respectively,  approximately  apply. 

Several  tests  of  my  own  indicate  in  a  marked  degree  the  correctness 
of  the  formula  given,  Avhen  ai^i^lied  to  Portland  cement  of  a  good  or  fair 
quahty. 

I  have  a  record  of  tests  on  Phinney's  (American)  Portland  Cement, 
purporting  to  have  been   made   by   B.    Williams,   C.    E.,    of  Chicago, 


279 

-who  has  the  ropntation   of  l)eing  a  careful  experimeuter,  which  are  as 
foUows  : 

Age  iu  days.  Observed  tensile  strength.  By  formula  S  =  2i0.  '"^  '/\ 

7  280  291 

30  333  337 

91  369  377 

182  415  404 

274  41G  421 

showing  that  the  formula  agi'ees   in  this  case  with  observation,  within  3 
per  cent. 

The  formula  does  not  apply  even  aijproximately  to  the  results  shown 
in  Mr.  Maclay's  table,  except,  perhai^s,  in  the  instance  of  Saylor's 
cement,  the  formula  for  which  appears  to  be  300  ^^'T. 

I  quite  agree  with  Mr.  Maclay  that  the  anomalous  results  shown  in 
this  table  are  to  some  extent  caused  by  allowing  the  samples  to  dry  in  the 
open  air  the  last  day  before  testing. 

I  find  that  some  of  the  poorer  qualities  of  Portland  accjuire  tensile 
strength  i^roijortional  to  the  7th  or  8tli  root  of  the  age,  with  a  low  factor. 
The  very  best  I  have  examined  increase  as  the  12th  root,  with  a  high 
factor. 

I  desire  to  express  the  opinion  that  if  the  strength  value  of  Portland 
cement  is  to  be  determined  only  by  tensioual  strength,  the  sooner  the 
usual  seven-day  tests  are  discarded  the  better,  and  substitute  tests  at 
20,  40,  and  60  days,  and  then  demand  that  a  fair  quality  shall  not  indi- 
cate a  factor,  and  an  index  of  root  10  per  cent,  less  than  is  given  in  the 
foi-mula. 

S  =  280.  i-v  T, 
S  rei3resenting  strength  in  jDOunds  per  square  inch,  and  IT  age  in  days. 

The  expression  <S'  =  ^  '^'Z  T  I  fi^cl  to  be  of  very  general  ai)plication, 
"both  for  rejiresenting  tensile  and  compressive  strength,  not  only  of  Port- 
land l)ut  of  Roman  cements,  when  once  the  co-efficient  A  and  index  X 
are  experimentally  determined. 

It  follows,  therefore,  that  the  probable  activity  of  a  cement  can  be 
determined,  for  a  unit  of  time  at  any  period,  by  the  formula 

Activity  =^  . 

From  tests  and  appearances  of  samples  from  time  to  time,  I  think  it 
l^ossible  that  induration  is  the  resiilt  of,  at  least,  three  operations;   first, 
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an  initial  act  of  hydration,  like  hardening  in  water  of  plaster  of  Paris^ 
and  of  some  calcined  rocks  not  properly  classed  among  the  cement  yield- 
ing stones,  which  stibstanees,  nnder  the  conditions  named,  perform  the 
act  of  setting,  and  acquire  an  ultimate  crushing  strength  of,  perhaps, 
200  or  300  lbs.  jaer  square  inch  only;  second,  formation  of  silicate  and 
aluminate  of  lime,  as  in  the  case  of  Portland  cement,  and  silicate  and 
aluminate  of  lime,  and  of  magnesia,  as  in  the  case  of  Roman  cement; 
third,  carbonization,  requiring  great  length  of  time,  piobably  centuries, 
for  comjjlete  results. 

Analysis  of  ancient  mortars  show  that  but  few  have  absorbed  carbonic 
acid  to  the  point  of  complete  saturation,  and  these  few  are,  apparently,  as 
hard  as  flint. 

"With  some  abnormal  cements,  after  the  first  act  of  hydration,  their 
further  hardening  seems  to  be  arrested,  in  a  marked  degree,  from  after 
a  few  hours  to,  occasionally,  twelve  or  fifteen  days,  after  which  violent 
activity  commences,  a  large  afflux  of  "  laitance  "  takes  place,  and  from 
this  time  on,  up  to  about  two  years,  the  induration  proceeds  with  a  regu- 
larity and  ratio  api^roximatelj'  indicated  by  the  formula  given. 

F.  CoLLiNGWOOD. — I  wisli  in  this  discussion  to  give  the  results  of 
some  recent  experiments  on  American  cements  and  bricks.  These  experi- 
ments were  made  at  the  works  of  the  East  River  Bridge  by  Mr.  Abbott, 
one  of  the  assistants,  with  the  intention  of  conforming,  as  near  as  might 
be,  to  the  ordiuary  surroundings  of  temperature,  &c. 

The  only  exception  to  this  rule  was  that  he  tried  to  limit  the  qiiantity 
of  water  to  that  amount  which  would  produce  in  each  case  the  best 
result.  This  was  found  to  vary  with  every  lot  of  cement,  even  from  the 
same  maker.  That  which  in  one  case  would  make  a  clean  hard  briquette,, 
would  in  another  not  give  any  coherence  when  rammed.  The  variation 
seemed  to  de^jend  as  much  upon  age  as  anything. 

The  percentage  by  weight  of  water  used  is  given  on  the  diagram, 
Plate  XXXIV.  This  was  just  enough  to  make  the  mass  slightly  moist, 
after  Avhich  it  was  rammed  in  the  moulds.  Mr.  Abbott  estimates  that 
about  one-half  more  Avater  would  in  each  case  give  a  mortar  of  the  right 
consistency  for  use. 

The  fineness  of  the  cements  is  also  noted  on  the  diagram,  and  indi- 
cates the  percentage  which  passed  through  a  sieve  of  2  500  meshes  per 
square  inch. 
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The  temperature  of  the  air  was  from  40'  to  70^,  and  of  the  water  used 
50^  to  60O  Fah. 

The  Viriquettes  were  made  2"Xli"  ^^  the  breaking  section,  Avith 
ends  enlarged  to  fit  the  clamps  in  the  testing  machine.  In  compression 
a  portion  of  the  same  specimen  was  crushed,  so  that  the  diagram  gives 
the  means  of  a  direct  comparison  between  these  strains.  The  size  was 
2"X2"Xir'thick. 

Each  set  of  curves  represents  the  results  of  40  individual  tests,  10 
being  broken  at  24  hours,  10  at  7  days,  10  at  14  days,  and  10  at  21  days 
setting,  the  briquettes  in  each  set  being  made  at  the  same  time,  and 
from  the  same  barrel. 

The  lower  line  gives  the  minimum  strength  of  the  set,  the  middle  line 
the  average,  and  the  upper  line  the  maximum. 

The  results  for  the  "F.  O.  Norton,"  and  "K  Y.  and  Eosendale" 
brands  show  a  fair  average  of  the  cements  furnished  us  for  use.  But  one 
barrel  of  each  of  the  others  was  experimented  upon,  so  that  it  would  be 
unfair  to  draw  comparisons. 

The  chief  jjoint  of  interest  in  the  curves  is  the  rapid  increase  in 
strength  uja  to  about  7  days  time,  then  the  depression  in  almost  all  cases 
up  to  the  14th  day,  and  then  the  marked  and  steady  increase.  It  would 
be  interesting  to  know  whether  this  is  accidental  or  real.  The  first 
period  would  seem  to  indicate  the  close  of  the  formation  of  hydrates,  and 
the  next  rise  the  beginning  of  the  formation  of  crystals  of  silicate  of 
lime,  etc. 

The  curves  show  clearlr  also  that  24-hour  tests  are  no  certain  crite- 
rion as  to  the  ultimate  strength  of  cements.  So  far  as  these  exiseriments 
go,  they  show  also  that  there  is  no  certain  ratio  between  tensile  and  com- 
pressive strength,  or  in  other  words  that  the  ordinary  tests  are  of  little 
value  as  to  determining  the  true  relative  merits  of  different  cements. 

By  my  request,  some  tests  were  also  made  of  the  strength  of  brick 
both  in  compression  and  tension.     The  table  is  given  herewith. 

The  bricks  were  selected  to  give  a  fair  average  of  "good  Haverstraw 
stock  brick,"  not  the  hardest  burned. 

No  packing  was  inserted  in  the  machine  between  the  bricks  and  the 
compressing  surfaces  ;  so  that  the  strength  in  compression  represents  the 
case  of  imperfect  beds,  &c .,  although  it  was  found  that  it  made  biit  little 
difference . 
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The  test  of  whole  bricks  on  end  gave  a  minimnm  strength  per  square 
inch  in  10  tests,  of  1  600  lbs.,  a  maximum  of  3  060  lbs.,  antl  an  average 
of  2  065  lbs. 

Ten  half-bricks  were  then  broken  by  compression  on  the  side,  giving 
minimnm  strength  per  square  inch  of  2  900  lbs.,  maximum  of  6  400,  and 
average  of  4  612  lbs. 

Ten  half-l)ricks  were  then  broken  on  the  fiat,  and  to  our  surprise  the 
figures  were  minimum,  2  669  lbs.;  maximum,  4  153  lbs.;  average,  3  371 
lbs.    The  less  amount  is  j)robab]y  due  to  imperfect  bearing  surfaces. 

Comparing  these  figures  with  those  given  for  cements,  we  see  they  are 
fully  equal  to  the  best  at  the  end  of  21  days,  and  they  represent  a  fair 
average  of  the  bricks  received  by  cargo. 

As  to  tension,  12  bricks  were  carefully  cut  to  fit  the  cement  testing 
machine,  and  the  bearing  packed  so  as  to  avoid  cross  strains.  The  results 
were,  minimum  strength  per  square  inch,  90  lbs. ;  maximum,  358  lbs. ; 
average,  168^  lbs. 

This  again  is  about  equal  to  the  best  cements  (omitting  the  Port- 
lands), after  21  days  setting. 

The  lesson  to  be  drawn  is  the  old  one  that  brick-work  has  consider- 
able strength  as  a  beam,  and  such  strength  can  safely  be  relied  upon 
where  the  w^ork  is  well  done. 

In  cutting  off  some  of  our  walls,  laid  in  cement  mortar,  which  had 
been  laid  up  from  four  to  eight  weeks,  the  adhesion  was  such  that  bricks 
would  break  in  two  in  every  case.  This  would  not  be  true  with  j^artly 
filled  joints,  but  is  invariably  true  with  good  work. 
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EXPEIUMENTS   ON    THE    StKENGTH    OF   BeICKS. 

Compression. 


AVhole  brick  on  end 


T^OAD  PER 


1  600 

2  (131 


Position. 


LOiD  PER   D  ' 


Half  bricks  on  flat  side. 


3  461 
3  146 


1  956 

3  SOO 

2  2S5 

3  331 

2  412 

4  153 

1  524 

2  707 

1  832 

2  669 

2  019 

3  923 

1  931 

3  423 

10 
Average. 

3  060 

10 
Average. 

3  101 

20  650 

33  714 

2  065 

3  371.4 

Texsion. 

Brick  pulled  apart 

122 
100 

-i  bricks 

ou  small  side. . . 

5  080 

6  400 
5  400 
5  620 

2  900 
4  320 
4  540 

3  780 

4  360 
3  720 

358 
124 
144 
106 
204 
124 
337 
204 
90 
108 

10 

46  120 

12 

2  021 

Average. 

4  612 

Average. 

1684^ 
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Discussion   op   Paper   No.  CLI.* — Nomenclature   of    Bnilding   Stones' 
and  of  Stone  Masonry. 


J.  Fo.STEK  Flagci. — I  consented  to  take  j^art  in  the  discussion  of  the 
valuable  paper  upon  the  "  Nomenclature  of  Building  Stones  and  Stone 
"Masonry,"  without  duly  considering,  perhaps,  how  little  of  merit  I  could 
contribute  to  it, — especially  Avith  the  little  time  latterly  at  my  disposal. 

The  subject  is  quite  an  important  one  to  us  all,  as  there  is  scarcely 
any  branch  of  our  profession  that  does  not  involve  in  its  practice  the 
construction  of  masonry.  Like  many  others,  I  have  frequently  been  at 
a  loss  to  know  exactly  the  character  and  class  of  masonry  in  the  descrip- 
tions and  specifications  of  different  works  from  the  variety  of  meaning- 
attached  in  different  localities  to  the  same  technical  term,  or  the  different 
terms  used  to  describe  very  similar  kinds  of  work  ;  and  it  is  very  desira- 
ble, to  say  the  least,  that  a  uniformity  of  practice  should  be  determined 
upon,  so  that  the  same  term  will  always  convey  the  same  meaning  to  all, 
whether  in  discussions  and  papers,  or  advertisements  and  specifications. 

This  naturally  does  not  diminish  the  desirability  in  all  works  of  im- 
portance, of  the  use  of  sample  blocks,  in  order  that  contractors  may 
clearly  understand  the  degree  of  finish  demanded  in  stone  cutting,  and 
that  disagreements  and  contests  upon  this  point  during  the  i^rogress  of 
the  work  may  be  avoided. 

I  notice  that  the  master  car  builders  of  our  railroad  corporations  have 
experienced  the  same  trouble  in  the  confusion  of  names  api)lie.d  in 
different  sections  of  the  country  to  the  several  parts  of  a  car  or  coach? 
and  that  they  have  taken  a  step  in  the  right  direction,  in  the  compilation 
of  a  dictionary  of  technical  terms  used  in  car  building,  showing  all  the 
different  significations  attached  to  tlie  same  term,  and  the  various  terms 
used  for  the  same  part.  If  they  can  follow  up  this  work  by  the  simplifi- 
cation of  their  nomenclature,  it  will  contribute  much  to  the  clearness  of 
discussions  in  their  conventions,  and  to  the  general  understanding  of 
their  papers  and  reports. 

A  similar  dictionary  of  terms  used  in  all  branches  of  American 
engineering  practice  would  be  of  exceeding  value,  if  some  one  could  be 
found  with  suflScient  courage  to  undertake  its  compilation,  and  to  do  it 
thoroughly. 
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In  this  paper  tlie  descriptiou  of  tools  used  in  stone  cutting  imiDressed 
niOias  being  very  clear  and  complete.  The  section  upon  stone  cutting  is 
also  very  good,  and,  i^erhaps,  ^sufficiently  classified  for  engineering  pur- 
poses ;  but,  under  tlie  head  of  masonry,  it  seems  to  me  that  something 
more  is  needed — that  the  classification  is  too  general. 

As  an  example,  certain  masonry  on  Western  Railroads  is  sometimes 
classed — very  indefinitelv — as  box  masonry,  from  its  being  used  in  box 
culverts.  This  very  frequently  means  simply  rubble  work,  but  it  often, 
with  the  soft  sandstone  used  in  certain  sections,  becomes  almost  the 
"squared  stone"  masonry  of  this  paper — being  sometimes  even  laid  in 
regular  courses — and  yet  it  can  hardly  be  fitly  classed  thus  ;  the  stone  is 
very  soft,  easily  split,  and  quickly  di-essed  roughly  with  the  face  hammer; 
so  the  blocks  merely  roughly  knocked  into  shape  with  the  hammer,  are 
far  from  being  rubble,  and  yet  are  much  inferior  to  the  "  square  stone  " 
described  (p.  300),  under  the  head  of  stone  cutting,  they  having  no  joints 
that  can  j^roperly  be  spoken  of  as  dressed.  The  character  of  the  work 
may  be  better  apiareciated  by  the  statement  that  it  cost,  a  few  years 
since,  at  least  30  per  cent,  less  than  abutment  masonry  with  rubble 
backing,  the  facing  of  which  in  the  East  would  be  considered  only 
ordinarily  good  quarry  faced  squared  stone  masonry,  with  no  ijitch 
facing  or  drafting,  except  on  the  angles  of  the  abutments.  I  give  this 
only  as  one  example. 

It  IS  much  easier  to  criticize  than  to  originate,  and  I  confess  that  I 
have  no  substitute  to  offer  at  present  for  this  classification — it  needing 
miich  more  study  than  I  have  been  able  to  give  the  subject.  I  only 
suggest,  therefore,  that  a  little  more  elaboration  in  the  classification- 
would  be  desirable. 

J.  J.  R.  Cedes. — The  advisability  of  making  a  finer  subdivision  of 
classes  of  masonry  was  discussed  by  the  Committee.  It  was  found  that 
it  would  lead  to  the  enumeration  of  so  great  a  variety  of  styles  of  cutting 
and  laying  stones,  that  confusion  rather  than  preciseness  would  result. 

It  is  believed  that  the  three  main  classes  of  masonry  suggested,  will 
be  found  to  cover  almost  every  kind  of  work  used  in  engineering 
structures,  with  the  aid  of  some  intelligence  and  a  definite  idea  of  what 
is  wanted,  on  the  part  of  the  person  who  jirepares  the  specifications. 

While  on  this  subject,  I  would  like  to  ask  the  members  present  what 
each  understands  by  the  word  "  build  "  as  applied  to  cut  stones.  I  have 
always  understood  it  to  mean  the  top  bed,  but  have  recently  found  that 
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Home  engineers  understand  it  to  mean  the  vertical  end  joint.  What  is 
the  generally  accepted  meaning  of  the  term  ? 

A  MEMBER. — -It  is  the  upper  surface  of  the  stone. 

J.  P.  Davis. — I  believe  that  in  the  New  England  States  it  is  under- 
stood to  be  the  tojs  surface. 

r.  ColijIngwood. — I  think  that  by  some  it  is  understood  to  mean 
the  vertical  joint.     I  am  in  doubt  myself  which  is  correct, 

J.  Veazie. — In  specifications  for  cut  stone  work  on  fortifications  the 
word  build  means  the  upper  surface  of  the  stone. 

E.  P.  NoKTH. — I  have  always  understood  the  build  to  mean  the 
amount  that  the  course  raises  the  masonry,  or  the  vertical  height  of  the 
stone. 
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THE  USE  OF  COMPRESSED  AIR  IN  TUBULAR  FOUNDATIONS 
AND  ITS  APPLICATION  AT  SOUTH  STREET  BRIDGE, 

PHILADELPHIA,  Pa. 


By  D.  McX.  Stauffer,  C.  E.,  Member  of  the  Society. 


Altliougb  a  paper  with  this  same  title,  has  ah-eady  been  piibHshed  in 
Yol.  64:,  Journal  of  (he  Franklin  Inslifiite — 1872— it  Avas  written  some 
years  before  the  completion  of  the  structure,  and  the  author  hojies 
that  the  addition  of  much  new  data  and  the  correction  of  some  errors 
in  the  original,  will  be  regarded  as  a  sufficient  warrant  for  the  entire 
rehandliug  of  tlie  subject. 

American  engineering  literature  is  as  yet  sadly  deficient  in  detailed 
descriptions  of  the  methods  adopted  in  the  United  States  in  sinking  iron 
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cylinder  foundations,  by  the  "Plenum  Pneumatic"  or  compressed  air 
process.  Sucli  foundations  liave  been  used  in  different  parts  of  the 
country,  and  the  "Official  Pieports "  of  their  Chief  Engineers  exist. 
But, with  few  exceptions,  these  documents  deal  too  much  in  generalities, 
and  the  seemingly  unimportant  data — the  smaller  details,  which  are  not 
touched  upon — neai'ly  always  prove  to  be  just  what  the  practising 
engineer  wants  to  know.  The  writer  speaks  feelingly,  and  if  the 
present  i^aper  seems  tedious  or  unnecessarily  long,  his  apology  is, 
that  he  has  attempted  to  make  it  as  full  and  detailed  a  description  of 
this  one  work  as  is  possible  with  the  data  now  at  hand. 

For  financial  reasons  the  Commissioners  xxnder  whose  supervision  the 
bridge  at  South  street  was  built,  adopted,  in  1809,  a  plan  presented  by 
John  W.  Murphy,  C.  E.,  afterwards  the  contractor  for  building  the 
bridge.  In  this  ^slan .  Mr.  Murphy  proposed  to  use  for  the  river  piers, 
cast-iron  cylinders,  sunk  to  the  rock  by  the  use  of  compressed  air. 
Compared  with  the  other  plans  and  estimates  submitted,  his  method  cer- 
tainly had  economy  to  recommend  it.  The  river  crossing  was  not  a 
favorable  one  for  cheap  and  easy  work  ;  towards  the  west  bank  the  rock 
lay  52  feet  below  high  tide,  with  a  loose  material  over  it,  liable  to  scour 
1o  an  unknown  depth  dui-iug  a  freshet.  The  great  irregularity  and 
undulating  character  of  the  rock  surface— dipping  sometimes  twelve 
feet  in  thirty,  was  another  patent  reason  for  adopting  some  other  style 
of  foundation  than  those  ordinarily  in  use. 

The  Site  or  the  Beidge. — The  Schuylkill  river,  where  the  bridge 
■crosses  it,  is  467  feet  wide  from  bank  to  bank  at  low  tide  mark,  with  an 
average  depth  of  water  at  low  tide  of  20  feet,  and  a  range  of  tide  of 
7i\  f^et.  To  the  west  of  the  river  was  a  low  marshy  meadow,  extend- 
ing some  500  feet  inland,  and  subject  to  overflow  at  high  tides. 

The  rock  upon  which  the  cylinders  were  to  be  founded  was  a  mica- 
ceous gneiss,  dipping  to  the  northwest,  and  as  mentioned  above  was 
very  irregular  in  surface,  and  generally  soft  and  shelly  on  toj).  Above 
the  rock  was  a  deposit  of,  first,  hard  gravel,  then  sand  and  stiff  mud,  and 
then  mud  ;  the  lower  strata  intermingled  with  boulders  and  some  drift- 
wood. This  deposit  varied  in  depth  at  the  pier  sites  from  24  feet  to 
5  feet. 

The  river  was  crossed  by  a  bridge  of  three  iron  through  sisans  ; 
two  of  them,  each  192  feet  long,  and  and  36  feet  \Nide  between  truss- 
centres,  were  /fixed,  and  between  these  two,  was  a  draw  sj)an  200  feet 


289 

long  iind  23  feet  wide  between  truss  centres.  This  arrangement  required 
three  piers,  one  of  them  a  pivot  pier,  in  the  river,  the  centre  of  the 
pivot  pier  being  99  feet  distant  from  the  centres  of  the  piers  east  and 
west  of  it,  measured  on  the  centre  line  of  the  bridge.  The  footways 
were  outside  of  the  trusses,  and  made  the  extreme  width  of  the  bridge 
55  feet  on  the  fixed  spans,  and  36  feet  on  the  draw  span.  The  distance 
from  the  top  of  the  bridge  floor  to  low  tide  mark  was  42  feet. 

The  PruR  Cylinders.  —The  piers  w-ere  made  up  of  13  cast-iron  cylin- 
ders, extending  from  the  rock  to  the  superstructure  of  the  bridge,  ar- 
ranged as  follows  ;  two  iron  cylinders,  each  eight  feet  in  diameter,  located 
uG  feet  apart  between  centres,  on  a  line  at  right  angles  to  the  centre  line 
of  the  bridge,  formed  a  support  for  the  river  end  of  each  fixed  span,  and 
for  the  end  of  the  draw,  when  closed.  The  pivot  pier  was  composed  of  a 
central  column  six  feet  in  diameter,  and  eight  columns,  each  four  feet 
in  diameter,  surrounding  it ;  their  centres  located  on  the  angles  of  an 
octagon.  The  outside  diameter  of  the  pivot  cluster  was  36.  feet,  the 
centce  of  each  four-foot  column  being  16  feet  from  the  centres  of  the 
six-foot  column. 

The  material  in  the  cylinders  was  originally  a  cold-blast  charcoal 
iron — government  cannon  having  been  used  by  the  founders  in  casting 
them.  They  were  made  in  sections  ten  feet  long,  with  a  uniform  thick- 
ness of  metal  of  one  and  one-half  inches.  These  sections  were  united 
by  inside  flanges  2|  inches  wide,  and  1|  inches  thick,  pierced  for  li 
inch  bolts,  with  the  bolt-lioles  .spaced  5  inches  apart  from  centre  to 
centre.  The  abutting  portions  of  the  cylinder  sections  w^ere  carefully 
faced  upon  a  lathe,  leaving  a  space  of  one-eighth  inch  between  the 
flanges  only,  for  packing.  On  the  section  forming  the  bottom  of  a  cyl- 
inder, as  sunk,  the  lower  flange  was  omitted,  to  facilitate  the  penetra- 
tion of  the  soil  ;  but  to  retain  the  full  value  of  the  metal  as  a  bearing 
ui)on  the  rock,  this  bottom  edge  was  left  square,  and  not  beveled  as  is 
sometimes  the  practice. 

The  average  weight  of  each  10-foot  section  Avas  for  the  diff'orent 
diameters  as  follows  : 

A  section,  8  feet  in  outside  diameter,  10  feet  long,   weighed  14,462  lbs, 
"        6    "     "         '•  "  "     "         "  "         10,847     " 

'«        4    "     "         "  "  "     "         "  "  6,810     " 

Plaxt  rsED  IN  Sinking  the  Cylinders. — Mr.  Murphy  did  not  use  a 
fixed  platform  iu   sinking  the  cylinders.     His  chief  reason  for  rejecting 
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such  a  method  being  the  expense  of  securing  a  firm  foundation  on  the- 
river  bed,  especially  -where  the  material  overlying  the  rock  was  not  suf- 
ficiently thick  to  hold  piles.  The  arrangement  adopted  by  him  was 
efi"ective  and  economical,  though  some  trouble  in  locating  and  guiding 
the  cylinders  during  the  operations  of  sinking,  might  have  been  avoided 
by  a  more  steady  support. 

Two  ordinary  canal  boats,  each  100  feet  long  and  17  feet  wide,  draw- 
ing M-  feet  of  water  loaded,  formed  the  basis  of  his  apparatus.  These  two 
boats  were  placed  parallel  to  each  other  and  15  feet  apart  and  secured 
in  this  position  by  timbers.  Resting  upon  these  boats,  and  extending 
clear  across  them  and  the  oi^ening  between,  were  two  clamps  (E.  Fig. 
7),  each  clamp  made  x\p  of  three  18x12"  inch  timbers  laid  side  by 
side.  The  distance  between  the  clamps  was  adjusted  to  suit  the 
diameter  of  the  cylinder  being  handled,  and  to  the  inside  stick  of  each- 
clamp  upright  bolster  pieces,  about  6  feet  long,  and  shaped  to  fit  the 
outside  of  the  cylinder,  were  seciared  by  bolts.  Tlie  clamps  were 
drawn  together  and  made  to  hug  the  cylinder  placed  between  them  by 
two  heavy  iron  rods  (X,  Fig.  7),  each  2i  inches  in  diameter,  with  nuts 
and  cast-iron  Avashers,  at  each  end  of  each  rod.  The  rods  were  spaced 
8  feet  6  inches  apart,  so  as  to  take  between  them  the  largest  cylinder. 

A  substantial  four-footed  derrick  {B,  Fig.  7)  50  feet  high,  made  of 
12  X 12  inch  timber,  and  well  braced,  rested  upon  the  two  boats,  with  its 
apex  directly  over  the  centre  of  the  opening  between  them.  The  feet  of 
this  derrick  were  secured  by  strong  iron  straps  and  bolts  to  timbers 
framed  into  the  two  boats  for  that  purpose.  The  hoisting  tackle  was 
made  of  two  doiible  12-iuch  blocks,  Avith  a  4  i -inch  rope,  the  power  l>eing 
applied  by  a  capstan  on  one  of  the  boats,  worked  by  hand. 

Four  heavy  anchors,  laid  c[uartering,  one  from  the  bow  and  stern  of 
each  boat,  were  used  in  bringing  the  boats  into  position,  and  maintain- 
ing them  there.  This  was  one  of  the  objectionable  features  in  the  float- 
ing support,  the  work  being  carried  on  in  a  tidal  river,  tliese  anchors  I'e- 
quired  constant  watching  and  adjusting  of  the  chain  cables,  but  a  little 
practice  soon  enabled  the  workmen,  who  were  all  sailors,  by  the  by,  to 
so  manipulate  them  as  to  always  retain  the  clamps  in  the  proper  position. 

To   furnish  the   compressed  air  necessary  in  the     Plenum  Process,.^ 
a  single    8-horse    poAver    Burleigh    Compressor    {0,  Fig.  6),    made   at- 
Fitchburg,  Mass.,  was  located  in  the  hold  of  one  of  the  canal  boats. 
This  machine  consists  essentially  of  two  single  acting  air  cylinders,  9-inchi 
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x.li:imetei-  aud.  iU  iiich  stroke  each,  the  plungers  working  alternately  and 
vertically,  drawing  in  the  air  through  a  valve  in  the  piston  head,  on  the 
downward  sti'oke,  and  on  the  upward  stroke  compressing  it,  and  forcing 
it  into  a  small  reservoir  on  top  of  the  machine,  through  a  valve  lifted  by 
the  action  of  the  compressed  air  itself.  To  prevent  the  expansion  of  the 
metal  in  the  piston  head,  by  the  heat  generated  in  the  process,  a  fine 
•spray  of  cold  water,  with  a  little  oil  added,  was  injected  upon  this  piston 
head  at  each  stroke  of  the  pump. 

A  four-inch  wrought  iron  pipe  {N,  Fig.  G)  led  from  the  chamber  in 
the  top  of  the  Comi^ressor  to  a  storage  reservoir  (L,  Fig.  6),  which 
in  this  case  Avas  an  ordinary  cylindrical  steam  boiler  set  on  end,  22  feet 
long  and  2  feet  in  diameter,  made  of  ^-inch  plates.  The  jaurpose  of  this 
storage  reservoir  was  to  keep  always  on  hand,  at  least,  one  half  hour's 
•supply  of  compressed  air,  so  that  in  case  of  any  stoppage  of  the  engine, 
either  from  accident  or  from  any  other  reason,  the  workman  inside  the 
ylinder  would  have  ample  time  in  which  to  escape.  The  compressed 
air  was  conveyed  from  the  reservoir  to  the  working  chamber  of  the 
column  being  sunk,  by  a  gum  and  canvas  hose  ( 7\  Fig.  6)  4:1-  inches  in 
■<liameter.  Below  the  deck  of  the  boat,  so  as  always  to  be  iinder  the  eye 
of  the  engineer,  a  pressure  gauge  and  safety-valve  were  attached  to  the 
reservoir,  and,  as  with  a  tide  rising  and  falling  7^0  feet,  the  weight  of 
the  water  column  was  constantly  changing,  this  gauge  required  careful 
watching  on  the  part  of  the  engineer,  to  see  that  the  requisite  pressure 
was  always  maintained  inside  the  cylinder. 

WoRKixG  Gang  eeqtjiked. — The  laborers  emi^loyed  on  the  cylinder 
foundations  at  Soiith  street  were  all  sailors,  due  to  the  fact  that 
Mr.  John  Andersen,  the  very  valuable  and  intelligent  foreman  of  that 
portion  of  the  work,  was  himself  a  sea-faring  man.  This  selection  of 
men  was  a  happy  one,  for  the  operation  of  handling  and  sinking  these 
cylinders  was  sometimes  a  delicate  one,  and  as  a  class,  no  men  are  more 
prompt  in  obeying  orders  in  an  emergency,  and  ready  in  expedients 
than  sailors. 

The  men  were  divided  into  three  gangs,  working  day  and  night 
while  a  cylinder  was  being  sunk.  This  arrangement  gave  each  man 
four  hours  on  duty,  and  eight  hours  off.  A  full  working  gang  to 
sink  a  cylinder  eight  feet  in  diameter,  was  made  up  as  follows  —the 
enumeration  including  the  two  relief  gangs,  and  the  extra  engineer  and 
liis  helper: 
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One  General  Superiutendant,  at $150  00  per  month. 

Two  Engineers,  at 3  00  jier  ilav. 

Two  Helpers  in  engine  rooms,  at 2  50     "      " 

Three  Inside  Foremen,  at 2  75     "      " 

Nine  Inside  Laborers,  at 2  50     "      " 

Three  Outside  Watchmen,  at 2  25     "      " 

The  basis  of  pay  -was  eight  hours'  work  to  make  a  day.  As  seen 
above,  there  were  only  four  men  at  a  time  actually  at  work  inside  the 
cylinder,  and  this  only  in  the  larger  ones;  in  those  only  four  feet  in  diam- 
eter, two  men  were  all  that  could  work  to  advantage. 

Uniting  the  Cylinder  Sections  rEEPAKATOKY  to  sinking. — The  cen- 
tre line  of  the  cylinder  to  be  located  having  been  marked  by  permanent 
points  on  the  shore,  the  distance  from  some  known  point  on  this 
shore  line  to  the  outside  of  the  cylinder,  was  measured  by  a  flat  steel 
liooi)-skirt  wire,  under  tension  ;  this  wire  having  first  been  stretched  on 
shore  by  means  of  a  spring  balance,  registering  150  pounds,  and  the  re- 
quired distance  carefully  measured,  and  marked  upon  it  by  a  wra^Dping 
of  wire.  The  boats  and  derrick  were  then  hauled  out  into  the  stream 
and  anchored,  vnth.  the  apex  of  the  derrick  approxim<:.tely  over  the  site 
of  the  column. 

The  sections  to  form  the  cylinder  were  next  brought  out  on  a  barge, 
and  section  No.  1,  or  the  bottom  section,  which,  as  before  mentioned, 
had  no  bottom  flange,  was  rolled  up  on  the  clamp  timbers,  and  the  hoist- 
ing tackle  attached  to  it  by  means  of  a  heavy  beam  of  wood  wedged  un- 
der the  iipper  flange,  and  secured  in  position  by  temj)orary  bolts  joassing 
through  the  flange  and  the  beam.  As  soon  as  this  section  was  hauled  up 
into  a  vertical  position,  it  w^as  lowered  halfway  down  between  the 
clamps,  and  held  tightly  around  the  middle  by  screwing  up  the  nuts 
on  the  clamp  rods  (X,  Fig.  7).  The  tackle  was  then  removed,  and  sec- 
tion No.  2  lifted  in  like  manner  and  lowered  dow'n  ui^on  No  1.  These 
two  sections  were  then  bolted  together,  a  packing  of  lamj)  wick  dipped 
in  a  composition  of  white  and  red  lead  being  first  put  in  between  the 
two  flange  faces,  in  the  slight  space  left  for  that  purpose.  Grummets 
soaked  in  the  same  composition  were  put  about  the  heads  and  nuts  of 
the  li-inch  bolts  uniting  the  two  sections.  These  joints,  except  in  one: 
instance  mentioned  hereafter,  proved  perfectly  air  and  water  tight. 

After  the  bolts  were  all  in  place,  and  with  the  hoisting  fall  still  attach- 
ed to  section  No.  2,  as  a  precautionary  measure,  the  nuts  on  the  clamj)- 
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ing  rods  wei-e  carefully  loosened,  the  hoisting  fall  being  relieved  at  the 
same  time  and  the  two  sections  of  cylinder  allowed  to  gradnally  slip  down 
between  the  clamps  nntil  the  middle  of  section  2  occujiied  the  position 
originally  held  l)y  st^ction  1.  The  nnts  were  then  again  tightened  xip, 
and  the  friction  of  the  clamps  and  bolsters  alone  depended  u^ion  to  hold 
the  cylinder. 

This  operation  was  repeated  until  the  bottom  of  the  section  No.  1 
Avas  within  a  short  distance  of  the  river  bed,  but  not  touching  it,  at  low 
tide.  Careful  soundings  to  the  bed  rock  had  been  previously  taken  at 
the  site  of  each  column,  so  it  was  known  just  how  many  sections  would 
be  required  to  reach  this  rock  and  still  leave  the  top  of  the  column  some 
distance  above  high  tide.  The  airlock  was  on  top  of  the  cylinder. 
and  five  10-foot  sections  were  generally  bolted  together  before  this 
lock  was  i^ut  in  place. 

The  ArRLOCK. — The  airlock  (^1,  Fig.  1,)  could  be  attached  to  the  top 
of  any  number  of  sections  previously  bolted  together.  A  cast-iron 
diaphragm  [R,  Fig.  3,)  of  the  same  diameter  as  the  cylinder,  and  pierced 
with  bolt-holes  corresponding  to  those  in  the  cylinder  flange,  was  put 
on  top  of  the  section  last  in  place,  say  section  No.  5.  This  formed  the 
floor  of  the  airlock.  Cylinder  section  No.  6  was  then  hoisted  up  and 
lowered  upon  the  diaphragm  to  form  the  walls  of  the  lock,  and  the  two 
sections  5  and  G,  and  the  diaphragm  between  them,  were  all  bolted  to- 
gether by  l^-inch  bolts  j^assing  through  the  two  flanges  and  the  dia- 
phragm. A  similar  diaphragm  placed  on  top  of  section  No.  6,  and  bolted 
to  its  ujiper  flange,  formed  the  roof  of  the  airlock. 

The  metal  in  the  body  of  the  diaphragm  plate  was  1\  inches  thick, 
but  the  edge  was  1^  inches  thick  for  a  space  about  Ih  inches  wide  all 
around  its  circumference.  This  raised  edge  was  faced  on  a  lathe.  Each 
diaphragm  was  provided  with  a  central  man  hole  [E' ,  Fig.  3,)  from  20 
inches  to  30  inches  in  diameter,  varying  with  the  size  of  the  column  and 
with  a  door  [E,  Fig.  3,)  opening  downwards;  a  rubber  washer  between 
the  door  and  diaphragm  made  the  joint  air-tight.  These  doors  were  cast 
in  two  pieces  united  by  flanges  and  bolts,  so  that  they  could  be  taken 
apart  and  sent  up  through  the  manhole  w'hen  no  longer  requiivd,  for  the 
bottom  diaphragm  was  always  left  in  the  column — and  it  might  be  men- 
tioned that  the  joint  between  it  and  the  section  forming  the  walls  of  the 
airlock  was  made  more  secure  by  a  rust  joint,  made  with  sal  ammoniac 
and  iron   tixrnings  pounded   fine.     Each  diaphragm,  shown  in  plan  in 
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Fig.  3,  had  in  it  three  openiugs  besides  the  manhole  (£"',)  namely, 
for  the  air-supply  pipe  F,  the  water-jiipe  G,  and  the  equalizing-pipe  H 
or  I.  These  j^ipes  were  all  ordinary  wrought  iron  gas  pipes  3  inches  in 
diameter.  The  air  and  Avater  pipes  passed  through  stuffing  boxes  [0, 
Fig.  1,)  in  the  diaphragms,  and  had  no  communication  with  the  inside 
of  the  airlock.  The  two  equalizing  pipes  B  and  /,  were  about  4  feet 
long,  and  were  simply  tapped  into  the  floor  and  roof  and  shut  by  valves 
at  the  inside  ends. 

The  air-supply  pipe  F,  was  connected  above  and  outside  the  airlock 
with  the  4:-inch  rubber  hose  P,  leading  to  the  storage  reservoir  L,  with  a 
stop-cock  between  the  pipe  and  the  hose.  This  pipe  opened  at  the 
lower  end  directly  into  the  working  chamber  or  lower  five  sections  of 
the  column,  terminating  8  inches  below  the  floor  of  the  airlock. 

The  water-i^ipe  G,  also  had  a  stop-cock  J,  above  and  outside  the  lock, 
but  terminated  at  that  end  in  a  5-foot  length  of  iron  pipe  attached  to  it 
at  right  angles,  and  used  to  direct  the  discharge  of  water.  This  water- 
X)ipe  extended  down  through  the  airlock,  and  maintained  its  diameter  of  3 
inches  to  within  10  feet  of  the  bottom  edge  of  the  column,  but  at  its  lower 
end  it  slipped  into  a  pipe  4  inches  in  diameter,  and  about  15  feet  long, 
the  two  pipes  being  united  by  a  moveable  joint  of  canvas  tubing  fastened 
by  iron  straps  and  bolts.  By  this  arrangement  the  pijae  could  be  short- 
ened and  hoisted  out  of  the  way  of  the  workmen  when  not  wanted,  quite 
an  object  in  a  column  onl^'  four  feet  in  diameter.  But  when  it  was  neces- 
sary to  remove  the  water  that  would  frequently  leak  in  under  the  ever- 
varying  head,  the  4-incli  pipe  was  lowered  down  into  a  sump  dug  for  the 
purpose,  and  by  opening  the  valve  ./,  at  the  top,  the  excess  of  air-jjres- 
sure  inside  the  cylinder  acting  upon  the  water  surface,  was  made  to  lift 
and  discharge  this  water  at  the  top. 

One  of  the  advantages  of  the  form  of  airlock  adopted  by  Mr.  Murphy, 
besides  its  economy,  was  that  it  mattered  not  whether  this  lock  was 
above  or  below  the  water  surface.  If  the  rock  could  be  reached  without 
adding  additional  sections  to  those  in  place  when  the  airlock  was  put 
on,  the  upper  diaphram  was  removed — and  used  again — or  utilized  as 
old  metal.  But  if  it  was  necessary  to  lengthen  the  column — as  would  be 
the  case  when  there  would  be  a  considerable  depth  of  material  over- 
lying the  rock — then  other  sections  were  added  directly  on  top  of  the 
upper  diaphragm,  and  the  air  and  water  pipes  lengthened  by  additional 
X^ipe  or  by  a  hose.' 


111  tiie  smaller  rolumiis,  for  CDnvcnioneo  iu  handling  the  material,  the 
-iiirlock  was  always  :20  feet  high,  two  cylinder  sections  being  used  to  form 
the  Avails,  and  in  these  columns  the  floor  of  the  lock  was  always  below 
the  water  surface. 

The  average  weight  of  the  diaphragms  was  as  follows: 

•Columns  8  feet  in  diameter — Each   diaphragm  weighed  2,800  pounds. 
(3  "  "  "  "  '«  1,G00 

it  ^  (<  a  t(  i(  ii  ygg  a 

Dkoppixg  the  Cylixdek. — Up  to  this  point  the  cylinder  has  been 
supposed  to  be  free  to  n;ove,  being  sui^ported  entirely  by  the  clamp 
Tseams  resting  upon  the  two  boats.  The  next  operation  was  to  acci\rately 
locate  and  drop  the  cylinder  iipon  the  bottom  of  the  river.  For  the 
reasons  given  before,  this  was  a  tedious  work  ;  but  when  the  cylinder 
-was  brought  finally  into  exact  position,  the  nuts  on  the  clamping  rods 
were  all  loosened  and  the  column  permitted  to  slip  down  slowly,  settling 
into  the  mud  as  far  as  its  weight  would  carry  it,  the  clamps,  meanwhile, 
acting  as  guides.  But  as  soon  as  the  column  had  found  a  bearing  on  the 
bottom  material,  the  rods  Avere  loosened  so  as  to  give  at  least  one  inch 
play  all  around  the  cylinder,  for  it  must  be  remembered  that  tlie  boats 
And  of  course  the  clamps  rose  and  fell  Avith  the  tide.  Objectionable  as  a 
moAdng  guide  of  this  nature  may  seem,  thanks  to  the  intelligent  care  of 
the  foreman,  the  greatest  variation  from  true  position  of  any  column 
•centre  Avas  four  inches,  except  in  one  case  Avhere  the  rock  Avas  so  steep 
that  the  column  slipped  upon  it.  The  trouble  was  not  in  accurately 
locating  the  first  .sinking  of  the  column,  but  in  preA^enting  it  from  being 
•deflected  at  the  bottom  and  thrown  out  of  the  perpendicular  by  the 
boulders  and  drift-wood  encountered  in  penetrating  20  or  more  feet 
of  soil. 

Application  of  the  Compres.sed  Aik. — After  being  dropped  upon  the 
river  bottom  the  water  stood,  of  course,  at  the  same  height  inside  and 
outside  the  cylinder,  and  it  Avas  to  remove  the  Avater  from  the  cylinder 
that  the  compressed  air  was  brought  into  requisition,  the  engine  having 
been  started  and  the  storage  reservoir  filled  Avhile  thecylindci-  Avas  being 
located. 

The  door  E,  in  the  jioor  of  the  airlock,  Avas  next  drawn  tip  and  secured 
by  the  keeper  {Q,  Fig.  1,)  thus  cutting  oflf  communication  between 
the  outer  air  and  the  Avorking  chamber  of  the  cylinder;  then  by  opening 
the  stop-cock  K,  the  compressed  air  Avas  alloAved  to  pass  from  the  storage 
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reservoir  directly  into  the  working  chamber  {B,  Fig.  1,)  through  the  air- 
supply  pipe  F.  The  compressor  was  kept  steadily  at  work,  and  as  the 
pressure  increased  inside  the  water  was  forced  out  from  under  the  bot- 
tom edge  of  the  cylinder  until  the  cylinder  was  empty.  If  the  bottom 
edge  of  the  column  had  penetrated  a  stiff  mud  stratum  impervious  to 
water  this  would  not  be  the  case,  and  the  pipe  G,  was  brought  into  play, 
and  the  water  forced  out  over  the  top  of  the  column. 

Removing  the  Mateeial. — The  material  to  be  removed  by  the  work- 
men was  that  amount  found  inside  the  column,  in  quantity  depending 
upon  the  depth  to  which  the  column  had  sunk  into  the  mud,  &c. ,  by  its 
gravity,  the  amount  of  settlement  being  considerably  increased  by  the 
erosive  action  of  the  expelled  water  in  passing  out  under  the  bottom 
edge.  Five  feet  at  one  operation  was  about  the  average  distance  sunk  in 
the  material  met  with  at  South  street. 

The  four  men,  who,  in  a  column  six  feet  in  diameter,  would  constitute 
the  inside  working  gang,  descend  into  the  air-lock  by  means  of  a  rope 
ladder  suspended  from  the  hinge  rod  of  the  uj^per  door.  This  door  was 
then  hauled  up  and  tightly  closed  by  the  outside  watchman,  and  as  soon 
as  this  watchman  had  given  the  signal,  "  all  right, "  the  foreman  inside 
slowly  Oldened  the  valve  in  the  lower  equalizing  pipe,  /.  and  admitted 
the  compressed  air  into  the  lock  from  the  working  chamber  below. 
With  experienced  men,  three  to  five  minutes,  depending  on  the  amount 
of  pressure,  was  sufficient  time  to  equalize  the  air-pressure  in  the  air- 
lock with  that  existing  below;  with  new  men,  a  longer  time,  not  less  than 
ten  minutes  was  required. 

The  door,  E,  in  the  floor  of  the  air-lock  could  be  opened  as  soon  as 
the  pressure  was  alike  on  both  sides  of  it,  but  not  before,  and  two  men 
of  the  gang  then  descended  to  the  bottom  of  the  cylinder,  by  means  of 
another  rope  ladder  fastened  to  the  hinge  of  the  lower  door. 

Canvas  bags  (Fig.  5),  holding  about  Ik  cubic  feet  each,  were  filled  by 
the  excavating  gang,  and  hoisted  up  and  stored  inside  the  air-lock  by  the 
two  remaining  men.  A  light  block  and  fall,  suspended  from  an  eye-bolt 
^  tapped  into  the  upper  door,  was  used  in  hoisting.  To  provide  light 
inside,  caudles  of  a  good  quality  were  used.  Twenty  bags  an  hour, 
hoisted  into  the  lock,  and  amounting  to  about  one  cubic  yard,  was  con- 
sidered very  good  work  in  the  most  favorable  material.  But  the  rate  of 
l^rogress  was  frequently  interfered  with  by  drift  wood  and  boulders  ap- 
j)earmg  under  the  edge  of  the  cylinder,  which  had  to  be  cut  away  with 
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hammer  ami  i-liisel.  From  the  effect  of  the  sua  on  the  iron  c-ohimus^ 
combined  with  the  heat  of  the  compressed  air  itself,  less  wprk  was  done 
in  the  same  time  in  summer  than  in  the  winter  months. 

As  long  as  men  were  at  work  inside,  the  compressor  was  kept  con- 
stantly going,  supplying  fresh  air  and  driving  out  that  which  was  vitiated 
by  the  breathing  of  the  Avorkmen,  and  the  smoke  of  the  candles. 

After  about  3^  hours  inside  work  the  excavators  ascended  into 
the  air-lock,  and  closed  after  them  and  secured  the  door  in  the  floor  of 
the  lock,  then,  by  oi:>ening  the  upper  etpializing  pipe,  //,  they  allowed 
the  surplus  pressure  in  the  air-lock  to  escape  outside,  and  restored  the 
air  within  to  the  normal  atmospheric  pressure.  This  done,  the  outside 
watchman  opened  the  upper  door,  and  the  gang  consiiraed  the  remainder 
of  their  four  hour  shift  in  hoisting  out  and  emptying  the  bags  of 
debris  stored  in  the  air-lock. 

Making  a  Sink. — If  the  gang  just  leaving  had  cleaned  out  the 
cylinder  down  to  its  bottom  edge  a  sink,  so-called,  was  made  before, 
the  relief  gang  entered. 

This  w-as  done  by  cutting  off  communication  between  the  storage- 
reservoir  and  the  working  chamber  of  the  column  by  closing  the  valve, 
{K,  Fig.  1),  and  then  allowing  the  compressed  air  in  the  chamber,  B,  to 
escape  by  opening  the  lower  equalizing  pipe,  /,  the  door  in  the  roof  of 
the  air-lock  being  also  left  ojjen. 

As  the  i^ressure  is  removed  the  water  rushes  into  the  cylinder  under 
the  bottom  edge,  cutting  away  and  loosening  the  soil,  and  the  mass  of 
metal  in  the  column,  no  longer  jiartially  sustained  by  the  lifting  force 
which  the  compressed  air  exerted,  obeys  the  law  of  gravitation,  and 
settles  a  fresh  distance  into  the  material  beneath  it. 

This  settlement  takes  place  rather  suddenly,  and,  in  loose  material,. 
amounted  to  as  much  as  five  feet  at  one  time.  Sometimes  one  side  of 
the  cylinder  would  strike  a  boulder,  or  other  obstruction,  and,  by  a  sud- 
den lurch,  throw  the  column  out  of  the  perpendicular.  This  could  only 
have  been  prevented  by  long  fixed  guides.  Guys,  attached  to  the 
anchor  chains,  were  used  to  right  the  column  in  such  cases. 

CouxTEKBAiANCiNG  THE  IJpwAKD  Pkessuke. — In  a  Cylinder  7  feet 
9  inches  inside  diameter  the  diaphragm  forming  the  floor  of  the  air- 
lock would  present  a  sui^erficial  area  of  6,792  square  inches,  and  in 
sinking  such  a  cylinder  in  water  fifty  feet  deep  a  ijressure  of  21}  pounds 
per  square  inch  in  excess  of  the  atmospheric  pressure  would  be  required. 
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to  expel  the  water.  Such  a  pressure  acting  upwards  upon  the  diaphragm 
would  exert  a  lifting  force  of  more  than  146,000  pounds.  While  the 
seven  sections  of  an  8-foot  column,  diaphragms,  &c.,  included,  would  only 
weigh  108,000  pounds,  leaving  38,000  pounds  to  represent  the  lifting 
tendency  of  the  air  pressure.  This  had  to  be  provided  for  by  a  counter- 
balance weight. 

The  friction  of  the  material  through  which  the  column  is  sinking 
amounts  to  but  little,  for  the  air  which  is  constantly  being  forced  out  at 
the  bottom  rises  to  the  surface  along  the  outside  of  the  cylinder  and, 
besides  keeping  the  soil  in  a  loose  condition,  practically  surrounds  the 
column  with  a  thin  film  of  air. 

Two  methods  of  counterweighting  the  cylinders  were  used  at  South 
street.  In  the  small  columns  forming  the  jDivot  cluster  the  clamp  beams, 
E,  were  raised  from  the  decks  of  the  boats  at  high  tide  and  clamped  fast 
around  tlie  column,  near  its  top,  and  entirely  clear  of  the  boats.  A 
platform  ujion  these  clamps  loaded  with  stone  furnished  the  additional 
weight  required.  This  method  was  objectionable,  because  it  made  the 
column  top-heavy  and  deprived  it  of  its  guides  in  sinking,  though,  as 
the  columns  wex"e  close  together  in  the  pivot  group,  the  last  want  was ' 
met  by  bracing  to  those  columns  already  in  lalace. 

In  the  large  cylinders  a  better  i^lan  was  adopted.  A  heavy  wooden 
platform  was  built  inside  the  column,  resting  iipon  the  bott(5m  flange  of 
the  second  section,  below  the  air-lock — that  is,  twenty  feet  below  the 
floor  of  the  lock.  A  shaft  three  feet  square,  made  of  4-inch  plank 
and  well  braced,  extended  from  this  jjlatform  to  within  five  feet  of  the 
lock  floor,  and  i^rovided  a  means  of  access  to  the  bottom  of  the  cylinder. 
The  space  between  the  outside  of  the  shaft  and  the  cylinder  was  then 
filled  with  stone.  In  this  way  the  coimterweight  was  applied  low  down, 
and,  consequently,  more  advantageously.  And  the  stone  was  afterwards 
used  in  the  column  masonry,  the  timber  being  removed. 

Secuking  the  Column  to  the  Rock. — Owing  to  the  slight  depth  of 
holding  ground  at  some  points  it  was  thought  best  to  bolt  the  columns 
to  the  rock  and  thus  increase  their  stability. 

The  rock  was  levelled  off  to  a  solid  bearing  by  hammer  and  chisel — 
which  was  slow  and  tedious  work,  consuming  the  greater  portion  of  the 
time  in  securing  a  foundation.  Heavy  cast  iron  brackets  [JSF,  Fig.  4) 
were  then  tap-bolted  to  the  inside  of  the  cylinder  by  four  l{-inch  bolts 
in  each  bracket.     The  holes  in  the  cylinder  for  these  bolts  were  tapped 
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and  fitted  with  wooden  pings,  liefore  the  cylinder  was  snnk.  These 
brackets  were  li  inches  thick,  in  metal,  and  extt'nded  entirely  around  the 
inner  circumference  of  the  column.  The  number  in  each  column  an(\ 
their  average  weight  was  as  follows  : 

Column,  8  feet  diam.,  Ifi  brackets,  average  weight  of  each  818  lbs. 
6         "  12         "  "  "  "        208    " 

i        "  8         "  "  "  "        183    " 

Each  bracket  was  secured  to  the  rock  by  four  1 J -inch  bolts,  18  inches, 
long,  with  a  nut  on  top  and  steel  fox  Avedge  at  the  bottom. 

FiLiiiiNG  THE  CoLtJMNs  w^TH  Masonky. — The  columns  were  all  filled  to 
the  top  with  rubble  masonry,  laid  dry  and  thoroughly  grouted,  with 
hydraulic  cement  grout,  every  three  feet  in  depth. 

The  first  ten  feet  of  the  masonry  was  laid  under  jiressure — that  height 
of  stonework  being  generally  found  sufficient  to  seal  the  column 
against  the  entrance  of  water  from  below.  The  .stone,  sand,  and  cement 
tised  in  this  part  of  the  work  were  stored  in  the  airlock,  except  in  the 
large  columns,  where  the  stone  in  the  inside  counterweight  v.-as  used  for 
this  purpose.  The  water  for  mixing  the  grout — which  grout  was  made, 
one  measure  of  Eosendale  cement  to  one  measure  of  sand  —  wag 
pumped  into  the  column,  against  the  air  pressure,  by  attaching  a  force 
pump  to  the  outside  end  of  the  water  pijse,  G. 

As  soon  as  sufficient  masonry  was  in  place  to  effectually  seal  the 
column,  the  pressure  was  removed  ;  the  air  and  water  pipes  and  their 
stuffing-boxes  taken  out,  the  doors  taken  off,  and,  if  there  were  no  cylin- 
der sections  above  it,  the  upper  diaphragm  was  also  removed.  The 
filling  with  masonry  was  then  carried  on  in  the  ojjen  air ;  groiit,  of  one 
measure  of  Eosendale  cement  to  two  measures  of  sand,  being  used  in  this 
portion  of  the  work. 

Accurate  levels  were  now  taken  on  the  tojis  of  the  cylinders,  an(] 
finishing  segments  cast  to  order  to  bring  them  up  to  the  required  height, 

The  condition  and  quality  of  the  masonry  was  severely  tested  by  an 
accident,  of  which  mention  will  be  made  further  on.  It  was  found  to 
be  very  good. 

Caps  and  Ice-bkeakers. — Each  cylinder  was  finished  by  a  cast  iron 
cap,  with  a  flange  projecting  over  the  upper  edge  of  the  cylinder,  but  not 
touching  it.  The  weight  of  the  bridge  was  thrown  entirely  upon  the 
masonry  ;  the  upper  surface  of  the  stonework  being  dressed  off  for  that 
purpose. 
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As  the  fixed  spans  were  36  feet  wide  between  truss  centres,  and  the 
•draw  span  only  23  feet  wdde,  some  provision  had  to  be  made  for  a  seat 
for  the  draw,  when  closed.  For  this  i^nrpose,  twelve  15-inch  I  beams, 
trussed  with  li-inch  rods,  were  placed  upon  the  caps  of  the  two  8-feet 
•columns  ;  they  extended  clear  across  from  outside  to  outside  of  caps,  and 
were  secured  to  the  caps  by  tap  bolts  and  fastened  to  each  other  by  li 
inch  rods  and  cast  iron  thimbles.  Cast  iron  shoes,  resting  on  these 
beams,  carried  the  lower  chords  of  the  fixed  spans,  and  on  them,  too, 
was  placed  the  draw  seat  and  the  track  for  the  travellers.  Doric  capi- 
tals of  galvanized  iron  concealed  the  ends  of  the  15-iuch  beams,  and 
improved  the  appearance  of  the  tops  of  the  columns. 

To  tie  the  two  8-feet  columns  together,  and  at  the  same  time  to  fur- 
nish a  support  for  the  ice-breakers,  a  wooden  crib,  made  of  12  in.  x  12  in. 
timber,  was  biiilt  and  sunk  around  them.  This  crib  was  10  feet  wide 
from  out  to  out,  and  64  feet  in  extreme  length,  extending  10  feet  up  and 
down  stream,  meastiriug  from  the  outside  of  the  cylinders.  It  was 
finished  at  low  tide  mark  by  a  jilatform  12  inches  thick  ;  and  upon  this 
platform,  between  the  cylinders,  were  four  2 -feet  courses  of  granite 
ashlar,  cut  to  fit  the  outside  of  the  cylinders.  The  ends  of  the  crib  were 
reduced  to  2  feet  in  width  at  the  points,  and  carried  ice-breakers  built 
of  vertical  cast  iron  plates,  for  a  height  of  8  feet,  and  for  a  further  height 
of  6  feet  other  cast  iron  plates,  twisted  to  meet  the  columns.  These  cast- 
ings were  connected  by  inside  flanges  and  bolts,  and  tied  together  by 
rods,  and  the  whole  structure  filled  with  concrete  masonry.  A  bracing 
of  12  in.  X 12  in.  oak,  Avith  tie  rods  on  a  line  with  the  outside  of  the 
columns,  extended  from  one  to  the  other,  and  rested  in  brackets  cast  in 
the  ice- breakers.  They  w^ere  14  feet  above  low  tide,  and  were  intended 
to  act  as  a  spring  fender. 

All  the  8-ieet  columns  were  entirely  independent  of  the  cribs  and 
ice-breakers,  so  that  the  latter  were  free  to  settle  and  take  their  own 
bearing  on  the  river  bed. 

An  octagoual  wooden  crib  was  also  built  and  sunk  around  the  pivot 
cluster  of  nine  columns,  with  the  inside  bracing  so  arranged  as  to  tie 
them  securely  together.  This  crib  was  finished  at  low  w^ater  mark  ; 
masonry  was  unnecessary,  as  the  wooden  fender  built  to  protect  the  open 
draw,  of  course,  enclosed  the  pivot  columns  also.  This  draw  fender  was 
a  wooden  structure,  faced  with  3-inch  oak  plank,  supported  partly  by 
l^iles,  and,  where  piles  Avould  not  hold,  on  narrow  wooden  cribs.     The 
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ends   of   the   fencler   were   protected  l>y  massive  iners   of  masonry,  on 
vooden  cribs. 

Three  series  of  9-inch  I  beams,  9  feet  apart  vertically,  were  used  to 
brace  the  pivot  columns  together.  These  beams  were  located  on  the 
lines  intersecting  the  centres  of  the  nine  columns — one  set  extending 
radially  from  the  centre  column  to  each  of  the  eight  outside  columns,  and 
another  set  connecting  the  outside  columns  with  each  other.  They  were 
connected  vertically  by  iron  ll-inoh  sway  braces,  and  rested  upon  cast 
iron  brackets,  tap-bolted  to  the  columns.  The  two  lower  series  of  beams 
were  put  in  place  before  the  columns  had  received  the  finishing  segments, 
and  the  location  of  the  beam  brackets,  imder  the  peculiar  condition  of 
aflfairs,  promised  to  be  rather  troublesome.  The  problem  was,  working 
from  the  oulside  of  nine  high  cylinders — the  tops  being  inaccessible— to 
find  the  iDoints  where  a  line  drawn  from  centre  to  centre  of  any  two 
cylinders  woiild  intersect  the  outside  surface.  The  solution  was  a  simple 
one  ;  and  as  it  may  save  a  little  trouble  in  a  similar  case,  w^e  give  it  : 
Three  wooden  3' squares  were  made,  with  the  head  and  blade  each  about 
4  feet  long  ;  two  of  these  squares  had  the  back  of  the  head  dressed  out 
to  fit  the  outside  of  a  circle  4  feet  in  diameter,  and  the  other  square  made 
in  like  manner  to  fit  a  circle  6  feet  in  diameter  ;  the  centre  of  the  blade 
in  each  square  being  in  line  with  the  centre  of  the  circle.  In  locating 
the  radial  beams,  the  6-feet  square  w^as  placed  against  the  central 
colunui,  and  one  of  the  4-feet  squares  against  an  outside  column, 
a  fine  cord  fastened  to  the  first  square,  on  its  centre  line  and  just  touch- 
ing the  colitmn,  was  j^assed  over  to  the  second  square  and  down  through 
a  notch  ju.st  at  the  column,  and  a  weight  hung  to  it  to  keeij  it  taut.  By 
then  shifting  the  two  squares  until  the  cord  cut  the  centres  of  both 
blades,  the  points  desired  were  obtained — for  a  radius  of  the  6  feet 
column  and  a  radius  of  the  4-feet  column  lay  in  the  same  straight  line. 
The  tW'O  4-feet  squares  were  used  in  the  same  manner  in  fixing  the  points 
for  the  beams  connecting  the  outside  cylinders. 

Eate  of  Progkess  in  Sinking  the  CYi-rNDEES.— The  material  through 
which  the  cylinders  were  sunk  at  South  street  was  a  sandy  mud  at 
top,  gradually  becoming  more  compact  and  tough,  with  but  little  sand, 
as  the  depth  increased,  with  a  stratiim  of  hard  gravel  3  feet  or  4  feet 
thick,  just  before  the  rock  was  reached.  Large  boulders  and  driftwood 
were  scattered  throughout  the  two  lower  strata  of  the  deposit. 
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Taking  the  central  column,  6  feet  in  diameter,  as  an  examijle,  with  6 
feet  of  sandy  mud,  8  feet  3  inches  of  very  stiff  mud  or  clay,  and  3  feet  of 
compact  gravel — the  time  consumed — reckoning  from  the  drojDping  of 
the  cylinder  to  the  completion  of  the  sealing  of  the  column,  with  12  feet, 
of  masonry  in  j)lace,  was  divided  as  follows  : 

Sinking  the  column  to  the  rock  and  removing  490  cubic  feet 

of  material iO  hours. 

Putting  on  clamp,  counterweight  and  loading  it  with  IS  tons 

of  stone...' 12      " 

Leveling  off  rock  for  brackets .53      " 

Drilling  72  lineal  feet  of  l|-incli  holes  in  rock  and  bolting  on 

brackets 54      " 

Laying   33G  cubic  feet  masonry  under  pressure,   12  I'eet  in 

height 59      " 

Total  time 218  hours;. 

The  time  required  to  jjut  in  the  remainder  of  the  masonry  is  not  on 
record,  but  it  was  done  very  rapidly  as  compared  to  that  laid  under 
pressure.  The  time  given  above  includes  that  lost  in  shifting  gangs,, 
amounting  to  about  20  minutes  in  every  four  hours. 

The  small  4-feet  columns  were  generally  sunk  to  the  rock  and  emptied. 
of  material  in  24  hours  from  time  of  drop,  deposit  same  as  above. 
Owing  to  the  confined  space  in  which  the  men  had  to  work  the  progress, 
was  slower  than  in  the  larger  cylinders.  The  average  time  in  the  eight 
4-feet  columns,  from  time  of  drop  to  taking  off  the  pressure,  with  the 
column  sealed,  was  200  hours  each. 

The  four  8-feet  cylinders  required  14,  22,  24,  and  30  days  of  24  hours 
each,  rating  as  above.  The  time  varied  directly  with  the  amount  of 
material  to  be  handled,  and  the  nature  and  pitch  of  the  rock  bottom.  In 
one  of  these  columns  the  rock  dipped  4  feet  in  the  diameter  of  the' 
column.  It  took  160  hours  work  with  hamnaer  and  chisel  to  secure  a. 
level  bearing  all  around  the  bottom  edge.  All  the  rock  abounded  in 
quartz  seams  of  varying  dimensions,  using  up  the  chisels  very  rapidly. 
The  greatest  amount  of  material  removed  from  anyone  column  was  1,400 
cubic  feet. 

Accident  to  the  Pivot  Cluster. — The  4-feet  columns  forming  the 
pivot  group  were  not  braced  together  in  any  way  until  the  whole 
number   of  columns   was  in   place,    but   depen J-cd   entirely,    for  their 
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stability,  iipou  the  bolts  through  the  brackets  and  the  17  feet  of  soil  in 
which  they  stood.     This  omission  was  unfortnuate,  as  events  proved. 

On  March  27,  1872,  with  the  tide  running  out,  and  a  perfect  gale  of 
wind  blowing  down  stream,  a  tow  of  five  heavily-loaded  canal  boats, 
equaling  in  size  those  described  in  the  jslant,  was  brought  down 
river.  Upon  attempting  to  pass  the  pivot  the  captain  of  the  tug  boat  in 
some  way  lost  control  of  his  tow,  and  a  boat  loaded  with  pig  iron  struck 
heavily  against  first  one  and  then  another  of  the  4-feet  cylinders,  throw- 
ing them  out  of  position.  Upon  an  examination  both  were  found  to  be 
broken  oflf,  the  break  in  each  case  being  a  clean  horizontal  one,  just 
under  the  upper  flange  of  the  section  of  cylinder  nearest  the  rock.  The 
bracket  bolts  were  in  nowise  disturbed.  These  two  columns  were  re- 
paired by  pulling  them  back  to  the  perpendicular,  the  stiff  mud  just  at 
the  break  serving  as  a  guide  to  bring  them  almost  exactly  where  they 
were  before  the  accident.  The  masonry  was  then  removed,  the  pressure 
being  applied  again  as  soon  as  the  water  appeared.  When  the  break 
was  exposed  it  was  found  that  the  broken  sections,  by  a  little  twisting, 
could  be  made  to  fit  accurately.  Four  flangerl  segments  of  wrought  iron, 
J  inches  thick  and  20  inches  deej),  were  now  put  in  and  bolted  to  each 
other,  and  tap-bolted  to  the  cylinder.  These  segments  extended  entirely 
around  the  inside  of  the  cylinder,  and  at  the  top  had  a  flange  3  inches 
wide  that  abiitted  against  the  broken  flange.  Bolts  1^  inches  in  diameter 
united  the  two  cast  iron  flanges  with  the  wrought  iron  one,  and  the  patch 
was  completed.  The  masonry  was  then  replaced  as  before,  and  no 
further  trouble  ever  experienced  from  the  mended  columns.  The  re- 
moval of  "the  original  masonry,  necessitated  by  this  accident,  gave  us  an 
excellent  opportunity  of  testing  its  quality.  It  was  found  to  be  very 
good,  the  cement  very  well  set,  and  the  fact  that  it  cost  the  contractor, 
in  labor,  nearly  one  dollar  a  cubic  foot  to  take  it  out  proves  stUl  fnrther 
the  character  of  the  work. 

Danger  from  Fire. — For  the  purj^ose  of  lighting  the  inside  of  the 
cylinder  star  caudles  were  used,  but  owing  to  the  amount  of  soot  thrown 
oflf,  under  the  increased  height  of  flame,  due  to  the  excess  of  oxygen  in 
the  compressed  air,  never  more  than  two  candles  were  allowed  to  be 
burning,  inside,  at  any  one  time. 

Fire  had  to  be  especially  guarded  against  in  those  cylinders  Avhere  an 
inside  counter-weight  was  used.  The  timbers  in  this  structure  were 
kept  saturated  with  water  ;  for  had  a  fire  once  started  in  the  wooden 
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shaft,  burning  fiercely,  as  it  would  in  this  unnatural  atmosphere,  there 
would  have  been  no  hojie  of  escape  for  any  men  unfortunate  enough  to 
be  below  it. 

As  an  examjale  of  what  an  exceedingly'  narrow  space  can  be  reached 
by  a  fire,  once  started  under  a  pressure  of  three  atmospheres,  the  follow- 
ing incident  is  cited  :  There  was  a  leak  someAvhere  between  the  flanges 
uniting  two  cylinder  sections,  and  in  searching  for  it  the  foreman  passed 
a  candle  around  the  inner  circumference  of  the  column.  At  the  faulty 
point  the  flame  of  the  candle  was  drawn  in  by  the  escaping  air,  and 
almost  instantly  all  of  the  luting  of  red  lead  and  lamp  wick  was  burned 
out  entirely  around  the  column,  nearly  suftbcatiug  the  workmen  with  the 
fumes  of  the  burning  paint. 

Code  of  Signals. — It  was  evidently  necessary  to  have  some  means  of 
communication  between  the  men  inside  the  cylinder  and  those  outside. 
As  before  mentioned,  a  watchman  was  constantly  on  duty  on  top  of  the 
airlock  during  inside  working  hours.  This  man  watched  for  and 
answered  all  signals  from  within,  opened  and  shiit  the  valve  J  of  the 
water  pij^e  when  so  ordered  by  the  inside  foreman,  and  saw  that  all  was 
being  done  for  the  safety  and  comfort  of  the  laborers.  A  telegraphic 
system  of  taps  upon  the  side  of  the  cylinder  with  a  hammer  furnished 
the  means  of  communicating. 

The  code  was  a  limited  one,  but  answered  every  i^urpose.  It  was  as 
follows  : 

One  tap  signified  "  Open  water-cock. " 


Two  taps 
Three  taps 
Pour  taps 
li'ive  taps 
Six  taps 
Seven  taps 
Eight  taps 


"Close 

"  Attention." 

"We  are  coming  out." 

"  Water  going  down." 

"  Water  still  going  down." 

' '  Water  stops  rimning. " 

"All  right." 


Four  taps,  in  i")airs,         "         "Danger!  Come  oiit  at  once." 

As  the  telephone  has  already  been  utilized  in  submarine  works,  where 
a'^diver  is  employed,  it  no  doubt  would  answer  equally  as  well  in  caisson 
and  tubular  foundations,  and  save  the  time  now  wasted  by  sending 
messengers  outside,  and  make  unnecessary  any  such  crude  method  as 
the  above. 
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Effect  of  Fkost  upon  the  Cvlinders. — The  same  mistake  was 
made  at  South  street,  as  at  Haiiem  Bridge  and  at  Ouiaha — and  in  fact 
nearly  every  place  where  iron  tubular  foundations  have  been  used  in  the 
States.  No  precautions  were  taken  to  prevent  the  cylinder  sections  from 
splitting,  by  the  contraction  of  the  metal,  from  cold,  upon  the  mass  of 
grouted  masonry  witliiu.  At  South  street,  four  or  five  of  the  sections 
were  cracked,  fi-om  this  cause  the  first  Avinter,  some  of  the  sections 
sjjlitting  horizontally  and  others  vertically.  The  worst  crack  was  a  ver- 
tical one,  and  opened  nearly  one-fourth  of  an  inch,  but  it  has  never  in- 
creased since,  and  seems  to  have  done  no  further  harm.  It  has  been 
recommended,  as  a  means  of  avoiding  this  troixble,  to  line  the  inside  of 
the  cylinder  with  staves  of  i^ine  or  other  soft  wood,  a  little  thicker  than 
the  flanges  are  wide.  In  this  case  the  wood  Avould  crush  under  the 
strain,  and  the  tension  upon  the  metal  be  relieved. 

Winter  interfered  but  little  with  the  si-nking  of  the  cylinders— work 
inside  was,  in  fact,  done  with  more  comfort  to  the  men  than  under  a 
summer  sun.  The  formation  and  flow  of  ice  in  the  river,  caused  some 
trouble  in  bringing  material  from  the  shores,  but  as  the  ice  was  constantly 
broken  up  by  the  tide  it  was  an  obstacle  easily  overcome. 

The  first  column  w-as  dropped  October  4,  1871,  and  the  work 
pushed  forward  with  scarcely  any  interruption  until  August  22,  1872, 
when  the  last  of  4h.e  thirteen  cylinders  was  in  place. 

Load  upon  the  Pier-Columns. — The  maximum  load  upon  the  stone- 
work, inside  the  cylinders,  is  an  unusual  one  for  what  might  be  called 
rubble  masonry  and  is  worth  noting. 

Taking  the  Pier  for  the  fixed  span,  anil  end  of  draw  formed  of  two 
8-feet  columns,  the  maximum  load  upon  it  may  be  divided  as  follows  : 

Lbs. 

One-lialt'  weight  of  the  fixed  span 412,225 

One  ftjiirlli     "         "         draw     "     .  .         175,542 

One-lialf  load  on  fixed  span,  at  SO  lbs.  per  square  foot 400,000 

One-fourth     "      draw      "      at  80  lbs.         "         "  70,000 

Total  load — niaxinium l,057,7t)7 

The  diameter  of  each  of  the  columns  of  masonry  upon  which  this 
load  is  thrown,  is  7'  9" — equivalent  to  an  area  of  Oli^o  square  feet  in  the 
two  columns — and  this  area  divided  into  the  total  load  would  give  11,224 
lbs.,  or  just  5  tons  per  square  foot,  on  the  masonry  at  the  top  of  the 
column.     The  longest  cylinder  is  71  feet  9  inches,  taking  the  masonry  at 


306 

130  lbs.  per  cubic  foot,  the  weight  of  this  column  of  masonry,  acting- 
upon  the  lowermost  course,  would  equal  9,327  lbs.,  or  41^^,  tons  per 
square  foot,  in  addition  to  the  weight  of  the  bridge,  or  in  other  words, 
there  would  be  9rd%  tons  per  square  foot  upon  the  bottom  course  of 
masonry  in  the  cylinder. 

With  the  draw  open,  the  load  upon  the  G-feet  column  supporting  the 
pivot  is  theoretically  much  greater  ;  this  pivot  was  designated  to  be 
centre-bearing,  but  fortunately,  perhaps,  this  design  was  a  faulty  one, 
a  considerable  but  unknown  portion  of  the  load  is  actually  thrown  upon 
the  outside  wheels,  and  then  transferred  to  the  4-feet  columns. 

But  supposing  the  whole  load  to  be  carried  by  the  central  column, 
as  was  intended,  the  conditions  would  be  as  follows  : 

The  total  weight  of  the  draw  span  unloaded  is  702, IGS  lbs.,  and  the 
area  of  the  masonrj-  column  (5  feet  9  inches  diam. ) ,  is  25 1*,,  square  feet. 
This  would  amount  to  27,110  lbs.,  or  12  tons  per  square  foot  upon  the 
top  of  the  masonry.  Adding  the  weight  of  a  column  of  masonry  64  feet 
high,  the  lowermost  course  of  stonework  would  have  to  cai'ry  in  addition 
to  the  above  3i'o  tons  per  square  foot,  or  a  total  load  of  15 1",,  tons  per 
square  foot. 

None  of  the  columns  have  shown  the  slightest  signs  of  weakness — ■ 
though  the  bridge  has  been  heavily  loaded.  As  before  remarked,  the 
quality  of  the  cement  and  the  stonework  was  very  good,  thanks  to  a  con- 
scientious foreman,  for  it  was  impossible  for  the  engioeer  to  watch  all  of 
the  inside  work.  The  stone  used  for  the  masonry  was  a  hard  Avell-bedded 
limestone. 

Effect  of  the  Compressed  Air  on  the  Men. — The  effect  of  work- 
ing under  a  pressure  of  two  or  three  atmospheres,  has  been  so  ably  and 
thoroughly  discussed  by  Drs.  Jammet  and  Smith,  connected  with  the 
8t.  Louis  and  East  River  Bridges,  that  but  very  few  remarks  are  neces- 
sary here  upon  that  subject. 

The  maximum  pressure  to  which  the  laborers  at  South  street  were 
exposed,  was  31  lbs.  in  excess  of  the  atmospheric  pressure,  and  that  was 
for  short  intervals  only,  when  it  was  necessary  to  discharge  water  over 
the  top  of  one  of  the  deep  cylinders,  72  feet  in  length,  through  the  pipe 
G. 

Except  in  the  small  Cylinders,  4  feet  in  diameter,  sunk  in  the  summer 
months,  the  workmen  experienced  little  inconvenience  from  their  duties, 
after  the  first  day  or  two  of  work  inside.     Three  men  of  dissipated  habits. 
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Avere  sent  to  the  liospital  for  several  weeks,  suffering  from  a  jiartial  paral- 
ysis of  the  lower  limbs,  but  soon  recovered.  The  hot  snn  shining  on 
the  outside  of  the  small  cylinders,  added  to  the  heat  of  the  compressed 
air  itself,  and  the  confined  space  in  which  the  men  had  to  work,  made 
short  hours  necessaiy.  Some  of  the  men  working  under  these  condi- 
Ttions  suffered  considerably  from  bleeding  at  the  ears  and  nostrils. 

Materiatj  and  Cost  of  Cylinders  at  South  Street. — These 
cylinders  were  i:)ut  in  place  in  1871-2,  and  the  actual  amount  of  material 
used  in  the  thirteen  cylinders  and  their  caps,  was  as  follows— excluding 
the  ice-breakers — and  all  bracing  : — 


Kg.  of  Cylinders, 

and  Outside 

Diameter  of 

Cylinders. 

Length. 

Weight  of 
Cylinder 
Sections. 

Pounds. 

WeiRbt  of 

Dia- 
IJhragms. 

Weight 

of 
Brackets. 

Weigbt 

of 

Caps. 

Weight 

of 
all  Bolts. 

Masonry. 

Feet. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Cu.  Feet 

4Cjls.,  8  feet..  . 

278ft.  0|.in. 

390  461 

22  7.57 

21  689 

21  456 

1       6  872 

13  900 

ICjl.,    G    "  .... 

Gt  ft.  0^in. 

69  290 

3  258 

2  791 

3  716 

957 

1  792 

S  Cyls.,  4   "  .... 

507  ft.  CJ-in. 

345  577 

12  528 

11  712 

7"  944 

5  024 

1     12  853 

1 

6  344 

Totals 

805  328 

38  543 

36  192 

33  116 

22  036 

Or,  to  recapitulate,  with  actual  cost  to  Contkactok  : 

913,177  pounds  cast  'won.  ........ .@  $0  02yyj)5_  per  pound. , 

12,853        "       bolts @    0.09f 

22,036  cu.  ft.  masonry  (without  lab()r).@     0.20  per  cubic  foot.  . 
Labor  of  all  kinds  in  sinkino;  and  filling  13  columns. . . . 


§27,166  07 

1,253   IG 

4,407  20 

16.344  80 


Total  cost  to  tiie  Contr.^ctor 849,171  23 


The  amount  paid  the  contractor  by  the  City  of  Philadelphia  for  the 
•work  covered  by  the  above  recapitulation  was  as  follows  : 


Iron  work $49,1 09  98 

Stone  masonry 5,510  40 

Adding  to  this  amount — 

2  cribs,  ice-breakers,  and  masonry §28,148  00 

Pivot  crib,  and  column  bracing   9,000  00 

Tender  to  Draw — cribs.  2  stone  piers,  itc 47,000  00 


854,620  38 


84,148  00 


'Total  cost  to  the  City  of  the  i)iers  complete,  including  the  Draw 

Fender,  and  its  stone  j)ier.s §138  768  38 
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The  following  bits  of  experience,  incident  to  the  use  of  compresseJ 
air,  though  not  of  themselves  important,  may  yet  serve  as  a  caution  to 
those  who  are  for  the  first  time  putting  in  iiractice  the  Plenum 
process  : 

The  first  was  due  to  carelessness,  and  might  have  been  a  serious  acci- 
dent^it  came  about  in  this  way  :  The  superintendent  and  a  single 
laborer  were  inside  one  of  the  4-feet  cylinders,  fitting  on  the  bottom 
brackets,  the  laborer  was  sent  outside  for  some  desired  tool,  leaving  the 
superintendent  at  the  bottom,  and  on  ascending  into  the  air  lock,  neglected 
to  draw  the  lower  door  tightly  to  its  place — he  j)ulled  it  up  and  partially 
fastened  it — but  left  a  siaace,  through  which  the  air  escaped  into  the  lock 
from  the  working  chamber,  as  fast  as  he  let  it  out  of  the  lock,  through 
the  upper  equalizing  jiipe.  The  restilt  was,  that  the  water  rose  so 
rapidly  in  the  small  cylinder,  that  the  superintendent  was  driven  up  the 
ladder,  but  was  compelled  to  stop  when  he  got  to  the  floor  of  the  air- 
lock, which,  it  will  be  remembered,  was  in  these  columns  some  8  feet  or 
more  below  the  river  surface,  for  from  his  side  he  could  not  oj^en  the 
door,  and  before  he  could  make  the  man  a1x)ve  understand  his  signnls, 
and  induce  him  to  shut  the  equalizing  valve,  the  water  was  up  to  hi& 
shouldei's.  In  this  case  a  want  of  proper  care  on  the  part  of  a  man  who 
was  in  too  much  of  a  hurry  to  get  outside,  nearly  cost  a  valuable  life. 

The  other  incident  was  one  from  the  combined  experience  of  this 
same  superintendent  and  the  writer,  and  though,  as  it  turned  out,  it  was 
rather  laughable  than  serious,  it  was  at  the  time  the  subject  of  very  con- 
siderable alarm  to  those  interested. 

As  before  mentioned,  one  of  the  8-feet  cylinders  had  struck  on  a  face 
of  rock,  pitching  4  feet  in  8  feet.  There  was  only  about  3  feet  of  gravel 
overlying  the  highest  point  of  the  rock,  and  no  mud  or  sand,  and  as  the 
water  could  not  be  forced  lower  than  the  bottom  edge  of  the  cohimn  in 
such  porous  material,  bags  of  clay  had  been  packed  under  this  edge,  so 
as  to  add  in  a  manner  to  the  length  of  the  cylinder,  and  enable  the- 
laborers  to  get  at  and  cut  away  about  six  inches  of  the  rock.  The 
cylinder  was  then  lowered  these  six  inches,  and  again  packed,  and  the 
process  repeated  until  the  4  feet  in  dej^th  required  for  a  level  bearing: 
all  around  the  edge,  was  obtained. 

The  writer  and  the  superintendent  entered  this  column  alone,  for  the 
purpose  of  making  some  examination,  and  just  as  they  stepped  upon  the 
rock,  they  were  greeted  by  a  sharp  report,  and  a  sudden  rush  of  air,. 


The  followin 
air,  though  not 
those  who  are 
process  : 

The  first  wa; 
dent — it  came 
laborer  were  in 
brackets,  the  la 
superintendent  i 
to  draw  the  low 
fastened  it— but 
from  the  workin 
the  upiaer  equ 
rapidly  in  the  s: 
ladder,  but  was 
lock,  which,  it  ■> 
more  below  the 
door,  and  befcr' 
and  induce  hin 
shoulders.  In  1 
was  in  too  mucl 

The  other  in 
same  superinten 
rather  laughabk 
siderable  alarm 

As  before  me 
of  rock,  pitchiu} 
overlying  the  hi 
water  could  not 
such  porous  mai 
as  td  add  in  a 
laborers  to  get 
cylinder  was  tht 
process  repeated 
all  around  the  e 

The  writer  a 
purpose  of  maki 
rock,  they  were 
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which  i3ut  out  their  candles,  followed  by  what  seemed  to  them  a  frightful 
but  uuac'couutable  noise.  .  The  darkness  was  almost  tangible,  boxed  np 
as  they  wore  in  an  iron  cylinder,  20  or  more  feet  under  water,  and  the 
next  and  most  uncomfortable  symptom,  was  a  sudden  rising  of  water  to 
theii'  knees,  they  "stood  not  upon  the  order  of  their  going,"  but  went  at 
once — instinctively  found  the  rojie  ladder — and  chance  having  jjlaced 
them  on  ojiposite  sides  of  it,  they  made  a  hasty  ascent  to  the  lock,  wdth- 
out  the  least  regard  for  each  other's  shins  or  knuckles.  Once  in  the  air- 
lock, they  were  above  the  water  surface  in  the  river,  and  had  time  to 
breathe,  relight  their  caudles,  and  speculate  on  the  probable  cause  of  this 
most  unexpected  demonstration.  On  going  part  w-ay  down  the  ladder, 
G  or  8  feet  of  water  w^as  found  inside,  but  no  cracked  cylinder  section  w^as 
visible,  as  at  lirst  apprehended. 

The  writer  and  his  companion  then  made  their  way  outside,  and  found 
the  men  there  as  much  excited  and  alarmed  as  themselves.  They  re- 
ported that  a  huge  conelike  mass  of  foaming  water,  8  or  10  feet  high, 
liad  suddenly  arisen  between  the  boats,  and  flooded  the  deck,  and  to 
oomi3licate  aflairs,  the  engineer,  not  knowing  what  was  the  matter,  had 
stopped  the  compressor. 

An  examination  Avas  at  once  entered  into,  and  then  it  was  discovered 
that  all  of  this  excitement  was  occasioned  simply  by  the  blowing  out  of 
several  of  the  clay  packing  bags,  at  the  bottom  of  the  cylinder,  the  air  in 
its  sudden  rush  out  of  this  opening,  put  out  the  candles,  and  carried 
with  it  on  its  way  to  the  surface,  a  quantity  of  small  gravel,  and  raised 
the  cone  of  water  seen  by  the  men  above.  It  was  the  scratching  of  the 
gravel  (mi  the  outside  of  the  cylinder  that  made  the  curious  and  unac- 
countable noise  mentioned.  AH  very  simple  and  amusing  when  the  true 
cause  was  known,  and  though  the  same  thing  happened  again,  in 
a  lesser  degree,  it  was  not  accompanied  with  the  same  feeling  of  alarm. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEEES. 


INSTITUTED     1852. 


TR^MSACTIOlSrS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  aud  opiuious  advanced  in 
any  of  its  publications. 


CLXXIII. 

(Vol.  YII.— October,  1878.) 


I 


SUBMARINE    TELEPHONING. 

By  Chas.  Ward  Eaymond,  C.  E.,  Jnnior  of  the  Society. 


A  means  of  communication,  direct  and  at  the  same  time  easy  and  re- 
liable, is  and  has  been  a  great  desideratum  by  those  engaged  in  sub- 
marine work.  The  method  of  signaling  now  employed,  by  jerking  upon 
the  life-line,  although,  perhaps,  sufficient  for  ordinary  work,  is,  at  the 
best,  deficient  in  rapidity  aud  reliability  ;  and  where  the  work  is  of  such 
a  nature,  that  a  word  cannot  express  that  which  the  diver  would  rejjort 
to  those  above,  it  becomes  necessary,  in  order  to  facilitate  the  work,  that 
some  other  means  be  adopted. 
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Sevoriil  attemi)ts  li;\vf  \)vvn  made  in  tliis  direction,  but  none  of  them 
resulted  satisfactorily.  One  may  be  meutioncil  wliicli  consisted  in  intro- 
ducing into  the  air  supply  circuit,  an  air-tiglit  chamber,  sufficiently  large 
to  admit  a  person,  communication  being  kept  np  yvith.  the  diver  through 
the  air-hose,  by  the  assistant  iu  the  box,  or  air-tight  chamber. 

It  has  been  reserved  for  the  telephone  to  solve  the  problem,  and 
by  the  use  of  this  iustrument  it  lias  been  already  accomplished  l)y  several 
engineers,  -with  favorable  results. 

Experiments  Avere  begun  by  the  writer  about  September  1st,  1878,* 
to  test  thrt  practicability  and  utility  of  the  telephone  iu  the  submarine 
work  in  connection  with  the  construction  of  the  liulkhead  Avail,  now 
being  built  by  the  Department  of  Docks  of  this  city. 

Tlie  instruments  used  at  first  Avere  tAA^o  -'Phelp's  Duplex  "  telephones, 
loaned  for  the  experiments  by  the  Gold  and  Stock  Telegraph  Company 
through  the  courtesy  of  Geo.  B.  Scott,  Esq.,  Supt. 

The  '-Phelps"  telephone  is  peculiarly  adapted  for  this  purpose  on 
account  of  its  .shape  and  size.  It  is  oval  and  flat,  5  inches  by  2^  inches, 
and  ^  inch  in  thickness  (12.7x6.35x1.59  c.  m.) 

One  telephone  Avas  placed  iu  the  diver's  helmet,  and  fastened  in  such 
a  position,  that  by  simply  turning  his  head  the  diA^er  could  i^lace  his 
moutli  or  his  ear  to  the  instrixment.  The  other  telephone  Avas  placed  on  the 
scow  which  carried  the  air-pump  and  diver's  helpers. 

The  connecting  Avires  were  insulated  (double  covered  paraffined 
office  wire.  No.  18)  and  passed  through  the  air-hose. 

Beginning  at  the  helmet  telephone,  the  two  Avires  pass  from  it 
through  a  small  opening  made  in  the  fan-shaped  air-distributor  in  the  back 
of  the  helmet,  the  hole  being  bushed,  to  prevent  wearing  the  cover- 
ing of  the  wires  ;  passing  into  the  hose,  and  through  the  hose  until 
they  reach  the  couplings  at  Avhich  connection  is  made  Avith  the  upper 
teleiihone.  Tiiis  is  done  as  .shoAvn  in  the  sketch.  Two  couplings,  sepa- 
rated by  about  one  foot  of  hose  are  inserted  in  the  hose,  at  a  couA^enient 
di.stance  from  the  air-pumj),  in  this  case  about  15  feet.  To  the  inside  of 
each  coupling  is  soldered  a  copper  Avire,  to  Avhich  the  insulated  wires 
from  the  helmet  are  fastened.  A  binding  screw  is  fastened  to  the  outside 
of  each  coupling  into  which  the  wires  from  the  upper  telephone  are  in- 
serted, thus  completing  tin;  circuit. 

*  The  idea  was  conceived  iu  March,  1878,  but  opportuuity  to  carry  out  the  exiierimeuta 
vas  not  afforded  until  September. 
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This  was  found  to  work  very  well  so  far  as  communication  from  the 
diver  to  liis  helper  was  concerned  ;  but  in  the  contrary  direction  it  was 
by  no  means  satisfactory,  as  it  was  found  necessary  by  the  diver,  when 
he  wanted  to  hear,  to  stoji  the  escape  of  air  from  the  helmet  into  the 
water,  which  bubbled  so  as  to  interfere  with  liis  hearing. 

This  stopping  the  escaj^e  of  air  is  done  by  the  diver  stooping  over^ 
thereby  allowing  the  air  to  fill  the  diver's  dress,  and,  of  coiTrse,  affords- 
only  temporary  relief. 

To  remedy  this  as  far  as  possible,  a  cloth  tube,  about  0  inches  in 
length,  and  of  about  the  same  diameter  as  tlie  escape  valvecap,  was 
fastened  by  one  end  over  the  escape,  leaving  the  other  end  free.  This 
gave  better  results,  but  still  not  satisfactory. 

It  Avas  then  decided  to  try  an  "Edison  Carbon  Transmitter,"  Avhich 
is  a  form  of  microphone,  and  intensifies,  or  more  properly,  increases 
the  volume  of  the  sound.  This  necessitated  the  addition  of  an  induction 
coil  and  one  cell  of  battery  ;  in  this  case  a  "  Gravity  "  battery  was  used  ; 
the  arrangement  of  wires  and  telephones  remaining  the  same. 

The  action  of  the  carbon  transmitter  is  quite  simple,  a  description  of 
which  is  given  further  on,  and  on  the  principle  already  established,  that 
the  secondary,  or  induced  current  possesses  a  high  degree  of  intensity, 
this  new  arrangement  resulted  in  the  perfect  success  of  the  exioeriment. 
Conversation  was  carried  on  with  the  utmost  facility  ;  it  was  not  neces- 
sary to  give  the  diver  any  signal  other  than  a  simple  "  hallo  !  "  It  was 
also  found  that  the  diver  could  talk  in  the  helmet  without  |)utting  his 
mouth  to  the  instrument  and  be  heard  lalainly,  and  therefore  he  could 
continue  his  work  and  conversation  at  the  same  time. 

The  battery,  induction  coil  and  transmitter  were  placed  on  a  shelf  on 
the  diver'-s  scow,  and  together  occuiDied  no  more  room  than  would  a 
Webster's  Unabridged  Dictionary  ;  the  telephone  in  the  helmet  occupied 
but  little  room,  and,  of  cotirse,  was  not  at  all  in  the  way. 

The  j)racticability  of  the  telephone  for  this  pui'pose  was  thus  defi- 
nitely settled. 

These  experiments  were  conducted  in  depths  varying  from  0  to  30 
feet,  without  any  perceptible  variation  in  efi'ect. 

It  has  been  reported  to  the  writer,  that  at  a  depth  of  50  feet  the  tele- 
jihone  failed.     I  do  not  know  what  the  conditions  were,  but  should  any 


difficulty  be  met  "with  ut  that  or  ut  greater  depths,  it  can  be  easily  reme- 
died by  using  a  second  transmitter,  placing  it  in  the  helmet  on  the  ojjpo- 
site  side  from  the  telephone,  and  connecting  it  Avith  its  own  battery  and 
induction  coil— placed  on  deck — by  two  extra  Avires  running  through  the 
hose  to  two  extra  coiiplings.  These  four  wires  may  be  small  in  size,  and 
occujiy  no  more  space  in  the  hose  than  did  the  two  jjreviously  used. 

I  feel  safe  in  asserting  that  telephones  thus  arranged,  can  be  used  at 
as  great  a  depth  as  a  diver  can  w^ork,  if  not  at  a  greater  one. 

It  may  not  be  out  of  place  here  to  mention  a  fact,  as  curious  as  it  is 
novel,  which  was  told  the  writer  by  Messrs.  F.  CoUingwood  and  W.  H. 
Paine,  Assistant  Engineers  of  the  New  York  and  Brooklyn  Bridge,  that 
attempts  to  signal  by  whistling,  with  the  mouth  or  fingers,  were  a  decid- 
ed failure  in  the  caisson  when  at  a  depth  of  about  45  feet.  This  may 
possibly  be  explained  on  the  supiDosition  that  under  a  pressure  of  2-iV 
atmospheres,  it  might  be  necessary  to  change  the  relative  j^osition  of  the 
fingers  and  tongue  to  produce  the  sound,  which  practice  in  the  ordinary 
condition  of  the  atmosphere  enables  us  to  produce.  And  also,  that  in 
whistling  in  a  dense  medium,  a  resistance  is  met  with  which  is  not  favor- 
able to  the  production  of  the  sound,  but  which,  when  produced,  is  con- 
ducted with  greater  rapidity,  and  consequently  is  heard  more  distinctly. 
From  this  it  may  safely  be  concluded  that  wdiere  the  diver  can  speak  the 
telephone  will  transmit  the  sound.  x\s  to  his  being  able  to  hear  at  that 
depth,  there  is  no  doubt. 

As  regards  the  utility  of  the  telephone  in  submarine  works,  so  short 
a  time  has  elapsed  since  its  introduction  into  this  DeiDartment,  that  no 
conclusions  can  be  drawn,  other  than  would  naturally  present  them- 
selves to  the  intelligent  mind. 

Much  of  course  depends  on  the  nature  of  the  works  upon  which  the 
diver  is  employed.  In  extended  general  examinations,  where  the  diver 
has  much  to  report,  and  where  any  delay  would  be  inexpedient,  its  utility 
would  best  be  appreciated. 

Mr.  Francis  H.  Fisher,  Assistant  Engineer  to  Mr.  Edward  S.  Phil- 
brick,  on  the  heavy  sea  wall,  in  Boston  harbor,  has  kindly  furnished  me 
with  the  results  of  his  emjiloyment  of  the  telephone. 

He  made  use  finally  of  but  one  wire,  which  was  wound  spirally  around 
the  outside  of  the  air-hose,  and  both  iiose  and  wire  then  wrapped  with 
canvas   to   jorotect   the   insulated   wire   from   injury.      The   circuit  wan 
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^,'ompleted  by  attacliing  one  wire  to  the  helmet,  and  the  other  end  to  a 
copper  plate  suspended  in  the  water  from  the  bottom  of  the  scow.  A 
slight  objection  to  this  arrangement  may  be  that  communication  can 
only  be  kept  up  with  the  diver  so  long  as  the  helmet  is  in  the  water  ; 
and  that  Avhere  the  wire  j^asses  from  the  outside  through  the  helmet, 
the  opening  must  be  insulated  and  air-tight  ;  the  Avire  is  apt  to 
become  loose,  and  its  insulation  destroyed.  I  think  the  method 
herein  described,  of  passing  the  wire  through  the  hose,  much  the 
better  way.  In  this  case,  two  wires  form  the  circuit,  are  entirely  out 
of  the  way,  are  protected  by  the  hose  itself,  and  no  other  insulation 
than  being  covered  is  necessary.  The  circuit  is  thus  always  complete, 
Avhether  the  helmet  is  under  or  above  water,  as  frequently  happens  in 
shallow  water. 

Mr.  Fisher  testifies  to  the  utility  of  the  telephone,  in  saying,  "The 
necessity  of  iising  the  telei)hone  arose  iu  providing  for  a  thorough  exami- 
nation of  the  masonry  in  the  face  of  the  sea  wall,  below  water,  in  which 
it  was  ueces^ry  to  record  the  dimensions  and  positions  of  the  joints 
around  each  stone  for  some  courses  throughout  the  wall.  The  accom- 
plishment of  this  would  have  Ijeen  imi)racticable,  if  not  impossible,  had  the 
diver  been  obliged  to  come  up  to  report ;  but  witli  the  telephone  it  was 
made  in  every  way  successful."  Mr.  Fisher  used  a  compact  form  of  the 
Bell  Telephone. 

From  those  and  other  experiments,  we  believe  that  suVimarine  opera- 
tions can  1)6  relieved  of  much  expense,  botli  of  time  and  labor,  by  the 
use  of  the  teleiDhoue.  And  much  submarine  work,  heretofore  considered 
impracticable,  can  now  be  carried  on  with  facility  and  expedition.  In 
the  caisson,  and  in  the  mine  its  value  would  be  great,  especially  so  in 
the  latter,  where,  should  one  portion  of  the  mine  by  an  accident  be  shut 
ofl'  from  the  rest,  communication  by  the  telephone  might  be  preserved. 

As  the  "carbon  ti'ansmitter"  is  of  recent  date,  and  its  function  not 
generally  understood,  it  may  not  be  irrelevant  to  describe  it  and  its 
connections  in  detail.     (See  Plate  XXXVII. ) 

The  transmitter  consists  of  a  thin  metallic  diaphragm  (a),  (such  as  is 
used  by  photograi)hers  for  tin-types),  about  2J  inches  (6.35  c.  m.) 
diameter,  on  the  back  of  which,  and  in  the  centre,  is  fastened  a  small 
projection  (b)  of  some  non-conducting  material — glass  or  agate — which 
just  touches  a  thin  disc  of  platinum  (c)  about  |-inch  (1.27  c.  m.)  diameter. 
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This  platinum  disc  is  delicatoly  hinged  at  {(f)  to  a  metal  connection  (<■/), 
^vith  one  of  tlu^  circiiit  wires  (e),  but  insulated  from  the  other  wire. 

The  disc  rests  upon  a  button  (/ )  of  compressed  and  flnel}^  divided 
carbon,  about  J -inch  (1.27  c.  m.)  diameter,  and  J -inch  (0.317  c.  m.) 
thick,  which  in  turn  rests  upon  a  metallic  connection  with  the  otliei' 
wire  (ff)  of  the  circuit.  The  two  wires  (e  and  g)  pass  from  the  transmitter, 
one  to  the  battery,  the  other  to  one  pole  of  the  i>rimary  circuit  in  an  in- 
duction coil,  the  other  pole  of  which  is  connected  Avith  the  battery. 

The  telej)liones  or  receivers  are  on  the  secondary  circuit. 

The  induction  coil  consists  of  two  concentric  helices  of  insulated  cop- 
per wire  ;  the  primary  or  inner  coil  {BB)  consists  of  a  stouter  and  shorter 
wire  than  the  secondarj-  or  outer  coil  [CC),  which  is  made  of  very  long 
thin  insulated  wire.  A  bundle  of  soft  iron  wires  {AA)  is  placed  in  the 
axis  of  the  coils. 

The  action  of  the  coil  is  such  that  a  current  from  the  battery  trav- 
erses the  wire  of  the  i^rimary  coil  inducing  in  the  secondary  circuit  a 
current  of  greatly  increased  intensity. 

The  function  of  the  transmitter  is  to  cause  fluctuations  in  the  inten- 
sity of  the  primary  current,  corresponding  to  the  vibrations  caused  by 
the  voice.  This  is  based  upon  a  remarkable  proi^erty  that  carbon  pos- 
sesses of  changing  its  resistance  with  pressure  ;  and  this  property  varies 
directly  as  the  pressure. 

When  the  thin  metallic  diaphragm  [a]  is  caused  to  vibrate  by  a  sound, 
it  i^resses  against  the  platinum  disc  (c),  (which  already  touches  the  carbon 
button),  causing  it  to  press  harder  against  and  in  a  corresjionding  degree 
to  compi'ess  the  carbon  button,  thus  varying  the  resistance  which  in 
turn  influences  the  intensity  of  the  primary  current,  causing  it  to  increase 
or  decrease  as  the  diaphragm  moves  in  or  out. 

A  similar  movement  of  course  takes  place  in  the  secondary  or  induced 
current,  which,  owing  to  its  magnified  intensity,  gives  an  increased  effect 
in  the  telephones.  {7i)  is  a  screw,  which,  when  removed,  exposes  the 
adjusting  screw  [i],  by  which  the  carbon  button  and  platiniim  disc  are 
brought  into  a  proper  degree  of  contact;  (k)  is  a  hard  rubber  mouth  jjiece 
which  screws  into  the  metal  case  [l). 


Note. — -In  the  discussion  which  followed  the  reading  of  the  preceding 
paper  on  Submarine  Telephoning,  the  statement  was  made  that  it  would 


cost  about  one  liuudrecl  dollars  to  apply  a  telephone  and  the  apparatus 
for  using  it,  as  described  by  Mr.  Raymond,  to  the  ordinary  helmet  and 
apijurtenances  used  by  divers  in  submarine  operations. 

It  was  also  stated  that  the  work  of  a  diver,  with  the  ordinary  means 
of  communication,  costs  about  three  dollars  per  hour  while  he  is  at 
work. 

It  will  be  seen  that  the  cost  of  the  telephone  and  apj^aratus  accom- 
panying it  would  soon  be  saved  in  decreasing  the  time  of  emjiloyment 
of  diver. 
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The  Committee  appointed  by  tlie  American  Society  of  Civil  Engineers, 
to  prepare  an  exhibition  of  American  engineering  at  the  Paris  Exposition 
of  1878,  has  collected  the  matter  contained  in  the  following  pages  for 
the  use  of  Members  of  the  Society,  and  of  the  profession  abroad.  In 
these  pages  will  be  found  special  descriptions  of  many  of  the  engineering 
works  which  have  been  illustrated  at  Paris,  and  also  general  articles  upon 
different  branches  of  engineering,  these  articles  being  intended  to  show 
the  distinctive  features  of  American  practice  in  the  departments  which 
they  cover,  and  at  the  same  time  to  serve  as  introductions  to  the  more 
detailed  descriptions  which  foUoAV,  and  to  render  these  pages  of  more 
permanent  value  than  would  belong  to  a  mere  descriptive  catalogiie.  For 
most  of  these  articles  the  Committee  is  indebted  to  other  Members  of 
the  Society. 

The  Committee  states  with  regret  that  many  of  its  requests  for 
models  and  drawings  to  be  exhibited,  as  well  as  for  descriptive  matter 
to  be  embraced  in  this  report,  have  apj^arently  miscarried,  and  hence 
some  American  works  which  it  was  hoped  to  illustrate  were  necessarily 
omitted,  and  some  of  the  most  valuable  subjects  exhibited  are  now 
inadequately  described. 
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Obsekvations. 
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les  dessins  et  photographies  d'nn  tres  grand  nombre  des  ouvrages  d'art 
les  plus  remarquables  executes  en  Amerique  dans  ces  dernieres 
annees,  ou  qui  sont  en  cours  d'executiou.  Ces  ouvrages  comprennent 
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etc. 
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Nature   of   Exhibit. 
Designs  and  Photographs  of  great  works  recently  constructed,    or  in 
course  of  construction  in  the  United  States,  upon  lines  of  communica- 
tion. 

Observations. 

The  American  Society  of  Civil  Engineers  has  exhibited,  collectively, 
designs  and  photographs  of  a  very  large  number  of  the  most  remarkable 
works  of  art,  lately  executed  in  America,  or  which  are  m  course  of  con- 
struction. 

These  works  comprise  foundations  for  bridges  of  different  systems, 
and  notably  by  that  of  compressed  air  ;  dams,  lockages  on  inclined 
planes,  pivot  draw  bridges,  bridges  and  great  viaducts  of  metal,  suspen- 
sion bridges,  steam  dredges,  etc. ,  etc. 

These  works,  and  in  particular  the  metal  viaducts  and  suspension 
bridges,  present  astonishing  boldness  of  conception,  great  simplicity  of 
form,  extreme  lightness  and  thorough  understanding  of  the  use  of  iron 
and  its  working  to  attain  a  maximum  resistance  with  a  minimum  of  metal 
utilized. 

The  jury,  impressed  by  the  continued  spirit  of  initiation  and  progress 
shown  by  the  works  exhibited  by  the  American  Society  of  Civil 
Engineers,  request  that  an  exceptional  jDrize  may  be  awarded.  The  jury 
regrets  that  the  collective  character  of  the  exhibit  prevents  the  award, 
to  each  one  of  the  engineers  whose  works  are  represented,  of  the 
medals  which  they  merit. 


INTRODUCTORY. 


Tlie  objects  of  the  American  Society  of  CiTil  Engineers  are,  the 
advancement  of  the  science  of  engineering,  the  professional  improvement 
of  its  members,  and  the  cultivation  of  professional  and  social  intercourse 
among  engineers  at  home  and  abroad. 

The  Society  has  been  organized  a  little  over  a  quarter  of  a  century  ; 
but  it  remained  comparatively  dormant  until  about  ten  years  ago,  when 
it  was  resuscitated,  and  started  with  fresh  life  and  vigor  wpon  a  more 
active  course  ;  within  that  brief  period  it  has  achieved  a  prominent  i:)lace 
among  American  Scientific  associations. 

The  title  of  the  Society  would,  i^erhaps,  seems  to  designate  it  as 
exclusively  devoted  to  Civil  Engineering,  and  while  this,  in  its  more 
common  acceptance  betokens  the  calling  of  many  of  the  members,  it 
is  expressly  provided  by  its  Constitution  that  the  term  shall  have  its 
wider  significance  ;  in  fact  among  the  members  are  Military,  Mining, 
Mechanical  and  Gas  Engineers  ;  it  also  has  numbers  of  fellows  and 
associates,  who  are  not  specially  attached  to  any  of  these  professions,  but 
who  feel  an  interest  in  j^ractical  scientific  irarsuits. 

The  underlying  principles  which  must  govern  aU  engineering  works 
and  all  mechanical  arrangements,  are  the  same  everywhere  ;  but  the 
climatal,  social  and  cammercial  difierences  of  countries  have  led  to 
diverse  architectural  and  engineering  structures,  adapted  to  the  peculiar 
characteristics  of  each  country. 

Conspicuous  among  the  modern  appliances  calculated  to  strengthen 
human  brotherhood,  and  to  benefit  the  race,  are  the  world's  expositions. 
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wherein  are  gathered  the  choicest  jjroductions  of  each  country; 
placed  side  by  side,  conveniently  arranged  for  satisfactory  examination 
and  comparison.  London,  Paris,  Vienna  and  Philadelphia,  representa- 
tive cities  of  great  conntries,  have  in  turn  held  these  grand  World's  Fairs, 
and  each  succeeding  international  exposition  has  brought  together,  not 
merely  the  varied  productions  of  different  countries,  but  also  their 
representative  men  in  the  most  prominent  industrial  j^rofessions. 
Different  portions  of  the  globe  have  thus  been  brought  face  to  face 
with  each  other  in  friendly  competition.  Especially  in  engineering,  by 
means  of  models,  photographs  and  descriiition,  much  can  be  seen  and 
learned  by  those  who  have  not  time  or  opportunity  to  visit  different 
coTintries  where  works  have  been  constructed.  At  the  Philadelphia  ex- 
position, European,  Canadian  and  South  American  engineers,  as  well  as 
some  from  more  remote  parts  of  the  globe,  were,  through  the  instru- 
mentality of  the  American  Society  of  Civil  Engineers  and  the  Institu- 
tion of  Mining  Engineers,  made,  at  least,  partially  aicqtiainted  with 
American  engineering.  These  organizations  heartily  co-operated,  and 
contributed,  as  far  as  they  were  able,  to  show  to  their  foreign  and 
American  visitors  some  portion  of  what  had  been  accomplished  by 
American  engineers. 

Engineering,  in  most  of  its  modern  aspects,  is  young  in  the  United 
States. 

A  country  Avhich  in  a  single  century  has  grown  from  a  population  of 
three  millions,  dwelling  in  thirteen  weak  colonies,  to  a  population  of 
forty  millions,  occupying  thirty-eight  powerful  Stated,  constitutes  of 
itself  a  novel  feature  in  the  world's  history  ;  and  no  careful  student 
can  doubt  that  the  rapid  settlement  and  exti'aordinary  growth,  phys- 
ically and  intellectually,  of  the  American  States  is  now  exerting  a 
wholesome  reflex  action  throughout  the  civilized  world.  The  people  of 
the  United  States  are  the  united  descendants  of  almost  every  European 
nationality.  They  have  spread  over  a  territory  of  more  than  three  mil- 
lions of  square  miles,  embracing  almost  every  variety  of  climate  and 
liroduction.     With  two  great  ocean  fronts  ;  with  the  grandest  navigable 
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rivers  and  lakes,  and  the  richest  and  most  extensive  valleys,  on  the  globe  ; 
a  great  field  was  opened  for  the  work  of  the  engineer. 

The  American  growth  of  engineering  jjartook  of  the  new  soil,  the  new 
climate  and  the  new  circnmstanees  by  which  it  was  snrronnded.  In 
the  early  i^art  of  its  history  as  a  nation,  the  United  States  had  no 
engineering  school.  With  only  weak  credit,  and  mainly  dependent  upon 
the  mother  coiintries,  it  now  seems  surprising  how  early  the  spirit  of 
enterjjrise  in  the  people  led  to  imjiortaut  works  of  internal  improvement. 
In  1825,  the  Erie  Canal,  of  the  State  of  New  York,  three  hundred  and 
sixty  miles  in  length,  connecting  the  great  chain  of  lakes  with  tide  water 
on  the  Hudson  river,  was  opened.  Some  minor  canals  had  previously 
been  completed,  and  some  small  imi:)rovements  had  been  made  in  a  few 
rivers  and  harbors  ;  but  there  was  no  national  system.  States,  and  indi- 
viduals nnder  State  acts  of  incorporation,  raised  the  means  and  con- 
diicted  the  o^Derations.  Two  years  later,  in  1827,  the  railroad  system, 
then  just  born  in  England,  was  started  in  the  United  States  ;  it  has 
now  ramified  into  every  State  and  into  nearly  every  Territory  of  the 

Union,   and  embraces  over  ninety  thousand  miles  of  commercial  rail- 
roads. 

The  inaguration  and  the  energetic  prosecution  of  this  vast  system 
of  public  improvements,  over  an  immense  territory,  much  of  it 
sparsely  inhabited,  extensive  regions  being  settled  only  as  the  railroad 
track  advanced,  created  a  j^eculiar  American  railroad  engineering  pro- 
fession, adapted  to  the  novel  circumstances.  The  American  rail- 
road engineer,  of  half  a  century  back,  with  the  birth  of  the  railroad 
system,  was  obliged  to  construct  his  formiilfe  and  his  works  simulta- 
neously, and,  in  accordance  with  his  financial  basis,  which  was  generally 
very  weak.  The  American  railroad  cai^italist  was  a  thing  unborn,  as  he 
had  to  be  an  outgrowth  of  the  advancing  system.  American  science 
was  young.  The  present  -  gigantic  railroad  system,  which  has  cost  four 
thousand  millions  of  dollars,  was  not  dreamed  of.  The  great  rivers,  the 
stupendous  mountains,  the  broad,  rolling  plains,  the  grand  old  forests, 
and  the  magnificent  valleys,  were  here,  in  their  pristine  majesty,  and  their 
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subjtigation  by  man,  hitherto  deemed  to  be  the  work  of  centuries,  was, 
by  the  magic  of  American  engineering,  accomplished  in  fifty  years. 

The  early  American  engineers  have  nearly  all  departed  from  the 
stage  ;  but  the  jaresent  world  should  credit  them  with  having  achieved 
great  things  with  comparatively  small  means.  Their  children  now 
occupy  the  improved  fields  which  their  fathers  won  from  rude  nature, 
and  the  civil  engineering  of  America  has  changed  ;  scientific  engineer- 
ing has  siicceeded  to  the  j)urely  practical,  and  a  single  branch  may 
engage   the  lifetime  of  a  professional  engineer. 


FOUNDATIONS. 


Foundation  Work,  as  practised  in  America,  like  most  other  construct- 
ive features  of  laiiblic  works,  has  been  subject  to  limitations  and  require- 
ments unknown  to  Euroj^ean  countries.  In  America  time  is  alwaj-s 
pressing,  distances  are  magnificent,  and  investment  capital  limited  and 
urgent  for  speedy  returns.  In  earlier  days  scientifically  educated  Ameri- 
cans were  few,  and  engineers  were  •  largely  ignorant  of  the  precedent 
of  foreign  j)ractice.  Their  main  reliance  was  on  their  "  home  "  experience, 
and  that  peculiar  faculty  of  adapting  ones  self  to  circumstances,  that 
almost  aU  mechanics  in  a  new  country  jjossess  in  a  greater  or  less  degree. 
"Work,  to  be  done  at  all,  had  to  be  done  cheaply,  expeditiously,  for 
capital  could  not  afford  to  remain  passive,  and  effectively,  to  avoid 
future  losses  and  rej^airs.  Had  the  fathers  of  American  engineering 
been  men  of  greater  education  or  scientific  culture,  they  doubtless  would 
have  been  far  less  successful  in  their  works,  and  fewer  enter^jrises  would 
have  been  undertaken.  Strongly  self-reliant,  those  men  of  the  earlier 
days  of  American  engineering  accepted  fully  the  requirements  of  a  new 
country,    and  set  to  work  to  solve  the  j^roblems  aiJi^ertaining  thereto. 

In  the  matter  of  foundations,  these  men  availed  themselves,  almost 
from  the  beginning,  of  the  great  abundance  of  cheai?  timber  for  their 
works,  and  time  has  proved  the  wisdom  of  their  course  and  the  excel- 
lence of  their  judgment.  In  fact  the  free  use  of  timber  may  be  regarded 
as  the  chief  difference  between  American  and  Euroiiean  methods  of 
founding  masonry  in  deep  water,  or  river  crossings.  Many  of  the  most 
imijortant  railroad  bridges  have  their  piers  founded  on  timber  cribs  filled 
in  with  stone,  the  timber  work  being  carried  up  to  within  a  couple  of 
feet  of  lowest  water  mark  before  starting  the  masonry.  On  bottoms  sub- 
ject to  erosion,  a  i^lentifiil  sujjijly  of  rip-rap  is  dumped  around  the  founda- 
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tion,  and  replenisliecl  from  season  to  season  until  well  solidified.  This 
is  the  most  common  system  em^jloyed  throughout  Pennsylvania  and  New 
York,  and  in  fact  in  all  States  where  the  character  of  the  river  bottoms 
is  of  such  a  natui'e  that  a  solid  bearing  on  rock,  hard  pan,  or  gravel, 
can  be  insured.  Where  a  soft  material  overlies  a  hard  bottom,  loose  stone 
is  thrown  in,  which  soon  forms  a  solid  bearing  for  the  crib  work,  or  the 
crib  is  built  tight  with  square  timbers,  with  an  oiien  bottom,  sunk  by 
temporary  loading,  the  soft  material — mud,  sand,  or  silt,  as  the  case  may 
be — sucked  out  by  pumps  or  dredged  out,  as  may  best  ajDi^ly  to  the  cir- 
cumstances, the  void  then  being  filled  in  with  concrete  or  broken  stone. 
In  case  of  a  rough  or  sloijing  bottom,  the  lower  courses  of  the  crib  are 
made  to  conform  to  it  as  nearly  as  possible,  from  jireviously  determined 
soundings.  Many  of  the  cribs  used  are  of  round  logs,  notched  at  their  in- 
tersections and  secured  with  long  drift  bolts.  For  bottoms  ill  adapted  to 
crib  work,  the  most  usual  jiractice  is  to  drive  piles,  the  area  of  the  founda- 
tion having  been  previously  dredged  below  scour,  if  possible.  The  jjiles 
are  cut  off  truly  level  by  means  of  a  horizontal  saw  on  a  vertical  shaft,  or 
the  simple  device  of  a  pendulum  saw,  and  as  close  to  the  bottom  as  pos- 
sible. The  interstices  between  the  jiiles  are  leveled  up  with  stone.  On 
the  bottoms  so  prepai'ed  a  crib  is  sunk,  economising  the  masonry  ujj  to 
near  low  water  mark,  or  a  timber  caisson  is  floated  over  the  jiiles,  the  bot- 
tom of  which  forms  the  platform  for  the  masonry,  which  is  carried  uj)  in 
the  usual  way  as  in  the  o^jen  air.  To  control  the  flotation,  a  valve  is 
sometimes  provided  in  the  caisson,  through  which  water  may  be  admitted 
to  be  pumped  out  again  as  occasion  requires.  The  sides  of  the  caisson 
are  detachable,  and  ai'e  used  again,  should  there  be  more  than  one  pier 
to  found.  A  modification  of  the  former  method  has  been  practised  by  de- 
jjendiug  on  the  ijilea  for  the  Simmediate  bearing  of  the  jjlatform,  and 
iising  a  timber  crib  as  a  protecting  envelope  surrounding  them,  all  voids 
being  filled  up  with  stone  or  concrete.  In  this  case  the  jjiles,  of  course, 
are  cut  off  at  the  distance  below  low  water  that  it  is  desired  to  commence 
the  masonry.  In  all  cases  where  there  is  any  possible  chance  oF  scour, 
it  is  usual  to  protect  the  area  surrounding  such  foundations  by  means  of 
rip-rap. 

ExceiJtional  works  often  require  expensive  methods;  but  even  such 
works,  in  this  country,  are  of  very  recent  dates.  The  application 
of  the  pneumatic  system,  so  long  pi-actised  in  Euroije,  to  the  foundations 
^f  the  East  River  and  the  St.  Louis  bridges,  are  examj^les  familiar  to  the 
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profession,  having  been  detailed  at  length  in  the  printed  reports  of  their 
respective  engineers.  They  are  probably  the  most  extended  examj^les 
of  the  system  extant,  and  required  great  boldness  and  constructive  skill 
to  carry  out.  Two  notable  improvements  were  developed  in  the  con- 
struction of  the  St.  Louis  bridge  piers,  viz. :  the  use  of  the  water  column 
for  driving  out  the  sand  through  pipes,  and  the  placing  of  the  air  lock 
at  the  bottom  of  the  well,  leaving  the  long  ascent  and  descent  of  the 
workmen  to  be  accomj^lished  in  the  ordinary  atmosphere.  The  com- 
mon European  practice  of  using  iron  cylinders  with  the  pneumatic 
system,  has  been  applied  in  this  country  to  but  few  bridges,  of  which 
that  at  Omaha  is  the  most  extreme  examj)le.  The  Poughkeepsie 
bridge,  now  building,  has  its  enormous  piers  founded  on  huge  square- 
timbered  cribs,  sunk  by  dredging  through  the  wells  formed  by  the 
cross  walls  of  the  cribbing,  to  a  depth  of  110  feet  and  over;  the  crib 
work  being  filled  with  concrete  forms  a  solid  base  for  the  masonrv 
commenced  25  feet  below  low  water,  and  towering  135  feet  into  the 
air  above  high  water  mark.  This  is  the  boldest  example  of  timber 
foundation  work  on  record,  and  perhaps  meets  the  most  extreme  case  of 
deep  water  foundation  that  the  engineering  needs  of  the  country  will 
ever  call  for. 

Out  of  the  jiersistent  demand  for  accomplishing  results  cheaply  and 
rapidly,  grew  what  American  engineers  know  as  the  Gushing  System, 
which  consists  of  square  timber  jiiles  driven  to  their  full  beai'ing  in 
intimate  contact  with  each  other,  forming  a  solid  mass  of  bearing  tim- 
ber. Siirrounding  the  jaile  cluster  so  driven  is  an  envelope  of  cast  or 
wrought-iron,  sunk  sufficiently  in  the  mud  or  silt  simply  to  protect  the 
I)iles,  all  voids  between  piles  and  cylinders  being  then  filled  with 
hydraulic  concrete.  The  piles  alone  support  the  load.  Several  such 
foundations  have  been  used,  and  answer  an  admirable  jjurijose.  Time 
alone  will  tell  whether  the  only  objection  that  can  be  used  against  the 
system,  viz. :  "  dry-rot "  has  any  foundation  in  fact. 

The  water  jet  has  been  used  economically  and  with  good  results  for 
sinking  pUes  in  soft  bottoms,  notably  in  the  case  of  Tensas  bridge  in 
Alabama,  where  iron  cylinders  were  put  down  by  simj^ly  directing 
through  gas-pii^e  a  system  of  jets  driven  by  an  ordinary  steam  j)ump. 

The  preceding  description  fairly  covers  the  leading  features  of 
foundation  methods  practiced  in  this  country—  except,  perhajis,  coff'er- 
dams  of  which  no  mention  has  been  made.     As  a  rule,  coflfer-dams  are 
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avoided,  excepting  in  comparatively  shallow  waters,  and  where  there  is 
some  reasonable  certainty  of  getting  a  tight  bottom.  The  uncertainty 
of  what  future  trouble  and  exjjense  a  coffer-dam  will  develop  before  the 
bottom  is  laid  bare,  causes  engineers  to  select  some  one  of  the  several 
methods  previously  outlined.  A  novel  floating  coffer-dam  has  been  built 
in  New  York,  that  has  been  exi^erimentally  successful  in  laying  dry  a 
mud  bottom,  but  no  work  has  thus  far  been  laid  with  it;  it  is  simply 
a  long  rectangular  double  walled  caisson  with  an  inside  court  as  it  were, 
having  sheet  piling  sliding  in  guides  in  the  inner  wall  of  the  caisson, 
which  when  driven  down  into  the  mud  or  clay  (it  is  only  practicable  on 
a  homogeneous  mud  or  clay  bottom)  acts  as  ordinary  sheet  piUng.  The 
caisson  is  sunk  by  filling  its  walls  with  water,  and  is  rigged  with  steam 
pumps  for  exposing  the  bottom,  and  clearing  the  caisson  of  its  water 
ballast.  The  ends  of  the  caisson  are  movable,  permitting  of  its  removal 
as  a  whole  from  the  completed  work. 

Screw  piles,  so  largely  used  abroad,  have  been  used  but  little  by 
American  engineers. 

Looking  to  the  future,  it  is  not  probable  that  demands  will  be  made 
upon  the  skill  of  American  engineers  for  much  more  difficult  founda- 
tion work  than  has  already  been  accomplished,  and  it  may  be  many  years 
before  projects  arise  which  will  match  those  already  executed  in  this 
class  of  constructions.  But  be  that  as  it  may,  American  foundation 
work  will  long  be  characterized  by  a  free  use  of  timber  in  the  form  of 
cribs,  caissons,  platforms  and  piles,  and  a  very  hmited  use  of  iron, 
pneumatic  processes  or  coffer-dam  work,  in  which  particular  as  was  re- 
marked in  the  commencement,  lies  the  distinguishing  characteristic 
between  Amei'ican  and  European  systems  of  foundation. 
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SUBJECTS  EXHIBITED. 


Two  photographs  of  masonry  bridges  on  the  Lake  Shore  <&  Michigan 
Southern  Railway,  selected  from  a  lot  of  photographs  sent  to  the  Society 
by  Mrs.  Chaeles  Collins. 


2.   Photographs  showing  the  towers  of  the  East  Rirer  Bridge  in  process  of 
construction.     W.  A.  Roebling,  Cliief  Engineer. 

The  East  River  Bridge  consists  of  a  central  suspended  span  of 
1  595'  6 "  length  between  centres  of  towers,  and  two  side  sj^ans,  also  sus- 
pended, each  930  feet  long. 

The  apjjroaches  increase  the  total  length  to  aboiit  one  and  one-sixth 
miles. 

The  ends  of  the  cables  are  anchored  in  two  masses,  containing  a  total 
of  26  000  cubic  yards  of  masonry.  These  masses  are  each  about  119  feet 
by  132  feet  in  j^lan  at  the  base,  and  about  89  feet  high,  and  are  founded 
on  a  grillage  of  timber  from  4  to  7  feet  thick,  which  rests  directly  on 
sand  ;  the  timber  being  below  the  level  of  water  in  the  soil,  and  conse- 
quently not  subject  to  decay. 

The  piers  at  either  side  of  the  river  rise  to  a  height  of  271 J  feet  above 
mean  high  tide.  At  high  water  surface  the  extreme  measurements  were 
in  plan,  57'  X 141'  in  Brooklyn,  59'  X 141'  in  New  York. 

In  Brooklyn  the  foundation  rests  mostly  on  boulder  clay,  but  a  suffi- 
ciently uniform  foundation  was  not  found  until  a  depth  of  44^  feet  below 
tide  was  reached.  To  obtain  this  depth  a  timber  caisson  was  sunk,  hav- 
ing exterior  dimensions  of  102' xlG8',  and  a  height  of  24^  feet.  Both 
caissons  when  launched  were  15  feet  high,  and  additional  timber  to  the 
heights  named  was  piat  on  after  launching.  The  air  chamber,  which  was 
afterwards  filled  with  concrete,  had  a  height  of  9^  feet.  The  final  pres- 
sure at  bottom  of  foundation  will  be  about  5^  tons  per  square  foot.  The 
l)ressure  on  toj)  of  the  timber  is  9^  tons  per  square  foot.  The  total 
(juantity  of  masonry,  including  concrete,  43  900  cubic  yards. 

The  New  York  pier  rests  on  compact  sand  and  gravel,  immediately 
overlying  the  bed  rock.  The  caisson  was  102xl72x31|^  feet,  also  of 
timber.  The  edge  of  the  caisson  is  78  feet  below  tide.  The  tower  con- 
tains about  55  000  yards  of  masonry  and  concrete.  The  pressure  at  the 
base  is  about  6j  tons,  and  on  top  of  the  timber  about  10^  tons  per  square 
foot. 

Work  on  the  Brooklyn  'caisson  was  begun  November  1st,  1869.  The 
caisson  was  launched  in  March,  1870,  and  put  in  place,  and  the  first 
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stone  set  June  15tli,  1870.  It  was  sunk  to  full  depth  and  filled  in  bv 
March,  1871.     Stone  work  of  the  pier  completed  December  1st,  1874. 

The  New  York  caisson  was  begun  September  6th,  1870  ;  launched 
May  8th,  1871  ;  put  in  place  and  sunk  to  depth.  May  i7th,  1872  ;  filled 
with  concrete,  July  2'2,  1872.  First  stone  of  pier  set,  October  31,  I87i. 
and  pier  finished  July  15th,  1876. 

Last  wire  of  cable  laid,  October  5th,  1878. 


3  and  4:.     DeUiil  drawiiuj  and  photocfaph  of  the  foundation  toorTcs  of  the 
East  pier  of  ilie  St.  Louis  Bridge.     James  B.  Eads,  Cliiet  Engineer. 

All  the  great  jners  of  this  bridge,  four  in  number,  stand  upon,  the  bed 
rock  of  the  river.  Two  of  them  are  nearly  two  hundred  feet  high.  The 
base  of  the  West  abutment  was  laid  within  a  coffer-dam  ;  the  other  three 
were  sunk  through  the  water  and  river  sand  by  the  method  of  compressed 
air.  The  method  employed  was  in  many  of  its  features  entirely  new, 
and  in  nearly  all  important  resi:)ects  the  work  was  on  a  scale  far  surpass- 
ing all  previous  exijerience.  The  most  difficult,  on  account  of  the  depth 
and  strength  of  the  river  and  the  distance  to  the  rock,  was  the  East  pier, 
and  it  was  undertaken  first.  The  iron  caisson  enclosing  the  air  chamber 
was  first  towed  into  position  between  the  large  guide  piles.  Its  length 
was  82  feet,  its  width  60  feet,  and  the  depth  of  the  chamber  was  9  feet. 
The  ceiling  of  the  chamber  was  stiffened  by  cross  plate  girders,  and 
the  walls  by  iron  knee  braces.  Two  walls  of  oak  timber  running  the 
entire  length  of  the  caisson  heliied  to  support  the  ceiling  as  soon  as  the 
caisson  reached  the  bottom  of  the  river.  These  walls,  as  well  as  the 
outer  walls  of  the  caisson  were  built  with  a  broad  flat  base  which  took  a 
bearing  on  the  sand. 

In  all  cases  the  masonry  was  laid  in  the  open  air,  beginning  on  the 
roof  of  the  caisson.  Powerful  air  pumjis  suijplied  air  at  a  pressure  suffi- 
cient to  expel  all  water  from  the  air  chamber.  The  masonry  of  the  East 
Pier  was  j^rotected  from  the  water  by  a  coffer-dam  of  iron  plates  riveted 
to  the  edges  of  the  caisson,  and  the  descent  of  the  cait-son  was  to  a  certain 
extent  regulated  by  suspension  bolts  and  nuts.  The  iron  coffer-dam 
around  the  masonry  was,  with  the  excejjtion  of  a  few  courses  required 
while  the  caisson  was  still  floating,  omitted  from  the  West  Pier  as  a 
costly  and  unnecessary  feature,  while  the  East  Abutment  was  sunk  in  the 
most  satisfactory  manner,  without  either  the  coffer-dam  or  the  suspension  . 
rods. 

Entrance  to  the  chamber  was  through  g,ir  locks,  the  main  one  being 
in  the  center,  as  shown  in  the  drawing.  The  method  of  entrance  and 
exit  is  easily  se6n  from  the  diagram. 
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A  B  is  a  portion  of  the  ceiling  of  the  caisson.  (7  is  a  cylindrical  well 
sunk  into  the  air  chamber  and  open  above.  D  is  the  air  lock  placed 
wholly  within  the  air  chamber,  and  connecting  by  the  close  fitting  door 
P  with  the  well  C,  and  by  a  similar  door  iV  with  the  air  chamber  R  R. 


The  door  N  being  shut  and  P  oj^en,  the  men  descend  into  the  well  C 
and  step  through  the  opening  at  P  into  the  air  lock.  One  closes  the 
door  P  while  another  admits  the  compressed  air  from  the  chamber  by 
means  of  the  cock  a.  When  the  air  ceases  to  enter,  the  door  N  swings 
open.  Exit  is  made  by  reversing  the  order  and  allowing  the  comi^ressed 
air  of  the  lock  to  escape  at  b.  In  the  East  Pier,  ascent  to  the  toi^  of 
the  masonry  was  by  means  of  stairs.  When  the  caisson  was  on  the  rock, 
the  stairway  was  fully  one  hundred  feet  high.  The  stairs  were  supple- 
mented in  the  East  Abutment  by  an  elevator,  to  the  great  relief  of  the 
workmen. 

The  East  Pier  was  sunk  from  the  surface  of  the  river  to  the  bed  rock 
in  134  days,  the  East  Abutment  in  132  days.  The  sand  was  removed  by 
sand  i^umps,  the  general  arrangement  of  which  consisted  of  a  water  jet 
discharging  uj)ward  through  the  centre  of  a  hollow  globe  ;  this  globe 
was  i^laced  in  the  caisson  at  the  bottom  of  an  iron  tube  which  extended 
upwards  through  the  masonry  and  was  connected  with  a  flexible  tube 
below  ;  the  lower  end  of  the  fiexible  tube  was  kept  submerged  in  the  wa- 
ter below  the  level  of  the  liottom  of  the  caisson  and  this  water  was  drawn 
upwards  by  the  inducing  force  of  the  jet,  carrying  with  it  a  large  quan- 
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tity  of  sand ;  the  general  arrangement  was  not  unlike  that  of  the  Giffard 
injector.  The  sinking  was  mainly  regnlated  by  undermining  the 
bearings.  In  the  East  Abutment,  which  is  probably  the  ^most  success- 
uUy  constructed  deep  foundation  ever  built,  the  jsrocess  of  "  settling" 
•was  reduced  to  a  science.  The  discharge  of  the  sand  i3umps  was  in 
excess  of  the  masonry,  though  as  much  as  346  cubic  yards  were  laid  in 
less  than  twelve  hours  on  that  one  pier.  Whenever  the  height  of  the 
masonry  required  that  the  pier  should  sink,  the  air  pumps  were  stopped, 
and  the  air  was  allowed  to  escape  slowly  from  the  chamber.  The  motion 
of  the  water  along  the  outer  faces  of  the  masonry  and  caisson,  and  tinder 
the  cutting  edges  rendered  the  sand  sufficiently  mobile  to  produce  a 
gentle  and  i^erfectly  regulated  descent  of  the  caisson  and  its  huge 
burden;  Avorkmen  meanwhile  undermining  the  central  walls.  The  sjiart- 
ing  of  the  air  pumps  Avould  instantly  stop  the  settling. 

The  caisson  of  the  East  Abutment  was  built  of  wood,  with  only  a  sin- 
gle thickness  of  iron  plates  to  make  it  air-tight.  The  wood  consisted  of 
squared  oak  timbers  bonded  and  strongly  bolted.  The  timber  surfaces 
were  whitewashed,  and  the  air  chamber  was  brilliantly  lighted  by  lamps 
burning  in  glass  globes  fed  by  compressed  air,  and  discharging  the 
jjroducts  of  combustion  into  the  upper  air  through  tubes. 

When  the  bed  rock  was  reached  it  was  cleared  of  all  loose  material, 
and  concrete  was  packed  under  all  the  supporting  surfaces.  The  air 
chambers  of  the  channel  piers  were  iilled  solid  with  concrete.  This  was 
mixed  on  the  top  of  llie  masonry,  and  introduced  through  small  air  locks, 
and  being  done  at  the  maximiim  depth,  was  a  work  of  great  difficulty, 
involving  no  small  danger  to  the  workmen.  The  caisson  of  the  East 
Abutment  was  iilled  with  sand,  except  under  the  walls  which  rest  on  con- 
crete. The  caisson  was  allowed  to  fill  with  water  and  the  sand  was  then 
pumiced  in,  and  required  no  packing  except  a  few  inches  under  the  roof, 
where  it  was  rammed  as  firmly  as  possible.  The  base  of  the  East 
Abutment  is  83  feet  by  70  feet  6  inches  ;  the  top  is  64  feet  3  inches  by  47 
feet  6  inches.  The  height  of  the  masonry  is  192  feet  9  inches.  It  con- 
tains 22  453  cubic  yards  of  masonry,  and  its  weight,  with  half  the  span 
it  supports,  is  about  46  500  tons.  Its  base  is  134  feet  6  inches  below  high 
water. 

The  caisson  of  the  East  Pier  cost  Sill  000  ;  that  of  the  East  Abut- 
ment, $139  700.  The  masonry  and  sinking  of  the  East  Pier  cost  about 
^469  000  ;   that  of  the  East  Abutment  $451  000. 

Twelve  men  Avho  worked  under  the  East  Pier  died  from  the  effects  of 
compressed  air.  One  only  died  at  the  East  Abutment,  and  he  suffered 
the  i^enalty  of  jDositive  disobedience  of  orders.  Excepting  this  unfortu- 
nate loss  of  life,  no  serious  accident  attended  the  construction  of  these 
massive  foundations. 
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■5.     Detail  Drawing  of  the  foundation  worJc  of  Pier  iVb.  5  of  the  aS7.  Charles 
Bridge  over  the  Missouri  River.     C.  Shalee  Smith,  C.  E. 

Tins  bridge  crosses  tlie  Missouri  River  at  a  point  17  miles  west  of  St. 
Louis,  and  20  miles  above  the  junction  of  tlie  Mississipj^i  and  Missouri 
Bivers.  Being  within  the  range  of  the  Mississippi  backwater,  the  varia- 
tion of  the  water  level  at  this  jjoint  is  over  40  feet,  and  the  flood  speed  of 
the  current  very  great,  exceeding  in  fact  9^  miles  per  hour  twice,  during 
the  period  occupied  in  the  construction  of  the  bridge.  In  1869,  after  the 
piles  had  been  driven  for  the  breakwater  for  Pier  No.  5,  a  heavy  freshet 
occurred,  which  carried  away  the  works  at  this  point,  and  in  doing  so, 
scoured  out  a  large  hole  at  the  pier  site,  which  hole  was  soon  filled  with 
the  traveling  boulders  which  move  along  the  bed  of  this  river  at  such 
times.  After  the  subsidence  of  the  flood,  a  careful  examination  showed 
that  the  proposed  site  was  occupied  by  an  inverted  pyramid  of  boulders 
and  drift  wood,  200  feet  long  by  70  feet  wide  at  the  base  and  about  22 
feet  thick  at  the  deepest  part.  The  caisson,  which  was  of  iron,  double- 
walled  and  cellular,  had  already  been  arranged  for  sinking  with  the 
water  jet  and  Ead's  sand  pumj),  and  was  altered  to  suit  the  new  condi- 
tion of  the  case,  as  follows  : 

An  air  lock  12  feet  high,  was  jalaced  at  the  foot  (.f  the  down-stream 
shaft,  the  upjDer  side  of  the  lock  being  a  large  door,  which  swung  verti- 
cally, was  nearly  the  full  section  of  the  shaft,  and  was  counterweighted 
so  that  the  strength  of  one  man  sufficed  to  raise  it  into  i^lace.  The  un- 
derside of  the  air  lock  was  seven  feet  below  the  top  of  the  air  chamber, 
and  the  up  and  down  stream  sides  were  provided  with  large  doors  36 
inches  by  30  inches,  placed  as  close  to  the  floor  of  the  lock  as  possible. 
The  air  was  admitted  to  or  from  this  boulder  lock  in  less  than  one  minute, 
through  an  inch  and  three-quarters  pipe,  the  stop  cocks  of  which  were 
managed  by  a  man  within  the  air  chamber  and  outside  the  air  lock,  as 
this  rapidity  of  alteration  of  pressure  was  too  great  for  human  life  to  en- 
dure. 

This  arrangement  was  found  to  w'ork  admirably.  Small  iron  cars  24 
inches  by  18  inches  by  36  inches  were  filled  with  boulders,  and  run  on 
skids  into  the  lock,  the  air  was  let  out,  the  upper  door  dropped  down, 
and  the  fall  tackle  of  a  large  derrick  passed  down  the  shaft,  was  hitched 
to  the  car,  and  the  latter  was  then  drawn  out,  swung  around,  and 
its  contents  emptied  on  to  a  barge,  where  they  were  broken  up  into 
concreted  stone,  for  use  in  the  hearting  of  the  pier.  Many  of  the 
boulders  weighed  from  600  to  1  300  pounds  each,  and  were  too  large  for 
the  cars.  These  were  passed  on  trucks  into  the  boulder  lock,  and  were 
taken  out  in  slings  by  the  derrick.  After  3  feet  in  depth  of  boulders  had 
been  removed,  the  sand  which  had  formed  the  matrix,  generally  made  a 
layer  of  about  12  to  16  inches  in  depth.     This  was  removed  by  the  Eads 
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sand  iJumiDS,  the  suction  pii:»es  of  which  reached  to  all  parts  of  the  air 
chamber. 

The  most  economical  method  of  worki,ng  was  found  to  be  as  follows  : 
While  excavating,  the  air  was  kept  at  a  pressure  of  from  10  to  15  feet  (or 
4^^  to  6|^  lbs.  per  inch)  gTeater  than  reqiiired  by  the  depth  at  which  the 
men  were  working.  This  dried  the  bed  for  two  feet  below  the  cutting 
edge.  The  boulders  were  excavated  until  water  was  reached,  and  under 
the  bearing  beams  were  replaced  by  sand,  well  tamped ;  the  sand 
layer  was  then  pumj^ed  out  and  the  pressure  in  the  air  chamber  lowered 
until  the  pier  sank  down  to  the  toj)  of  the  boulders.  A  marked  feature 
of  this  foundation  was  the  great  friction  of  the  materials  after  the  bould- 
ers had  commenced  caving  and  i)acking.  In  the  last  20  feet  the  pier 
never  moved  until  a  skin  friction  of  466  lbs.  per  square  foot  of  immersed 
surface  had  been  overcome. 

Eads  sand  jJiimps  removed  18  ciibic  yards  of  sand  iwr  hour  each. 
They  were  found  to  work  best  with  a  three-inch  discharge  pipe  and  200- 
lbs.  per  square  inch  water  jiressure.  Three  Cameron  pumjis,  with 
12"  x24"  steam,  6"  X24"  water  cylinders  were  used  to  supply  two  of  the 
sand  jiumps,  and  were  worked  uja  to  their  full  capacity  in  so  doing. 


6.      Detail  Drawing  of  the  foundation  toork  of  the   P ouglikeepsie  Bridge 
P.  P.  Dickinson,  Chief  Engineer. 

(See  Plate  XXXIX.) 

This  woi'k  is  located  at  Poughkeepsie,  on  the  Hudson,  75  miles  north 
of  New  York  city.  The  width  of  the  river  at  the  bridge  site  is  2  430  feet, 
and  the  depth  of  water  from  50  to  60  feet,  with  a  tidal  motion  of  three 
miles  per  hour.  The  bed  is  comi^osed  of  20  feet  of  sediment  and  mud, 
10  to  40  feet  of  compact  blue  clay,  6  to  10  feet  of  sand,  and  10  to  15  feet 
of  coarse  gravel,  with  boulders  overlying  the  rock,  which  is  at  a  depth 
of  from  119  to  145  feet.  There  are  to  be  five  spans,  of  525  feet  each, 
with  a  depth  of  truss  of  65  feet.  The  substructure  consists  of  four 
river  and  two  shore  piers,  with  two  abutments,  to  be  built  of  granite 
masonry  to  a  height  of  135  feet  above  high  tide,  having  a  base  of  72  by 
32  feet,  at  20  feet  beloAV  high  tide,  and  40  by  12  feet  at  top — giving  a 
pressure  at  the  base  of  about  5  tons  to  the  square  foot.  The  shore  jiiers 
and  abutments  have  their  foundations  on  rock,  on  the  river  bank. 

The  four  river  piers  are  founded  on  caissons;  filled  with  concrete  and 
resting  on  the  bed  gravel — the  East  pier  being  122  feet,  the  two  central 
112  feet,  and  the  West  pier  97  feet  below  low  tide.  The  caissons  are  6Q 
feet  wide  by  100  feet  long,  composed  of  yellow  pine  and  white  hemlock 
timljer,  12  inches  square.  The  lower  edge  of  the  ends,  sides,  and  cen- 
tral portions  of  the  caissons  is  built  uj:)  solid  with  timber  thoroughly 
bolted  together,  for  a  height  of  18  feet,  running  from  a  cutting  edge, 
shod  with  iron  to  a  thickness  of  10  feet  on  the  sides  and  ends  and  15  feet 
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in  tlie  centre  wedge-shaped  portion.  Transverse  walls  of  timber,  com- 
nencing  4  feet  above  the  cutting  edges,  bind  the  caissons  together,  di- 
\  iding  the  central  portion  into  12  ojsen  compartments.  At  the  height 
.-  '  6  feet,  the  transverse  and  the  exterior  longitudinal  walls  are  3  feet 
\;uick,  and  the  four  interior  longitudinal  walls  2  feet  thick.  By  this  plan 
of  building,  the  caisson  is  divided  into  40  compartments.  The  outside 
and  centre  line  of  compartments  are  28  in  number,  placed  over  the  cut- 
ting edges.  These  compartments  receive  the  concrete  required  for  adtli- 
tional  weight  in  the  sinking.  The  remaining  12  compartments,  each  12 
feet  square,  extend  to  the  bed  of  the  river,  and  through  them  the  mate- 
rial is  removed  by  aid  of  the  Clam  Shell  dredge  ;  the  sinking  of  the  cais- 
son being  controlled  by  excavating  from  either  of  the  12  compartments 
until  finally  resting  in  j^osition. 

A  notable  feature  of  the  work  is  the  great  depths  from  which 
material  has  to  be  dredged,  and  the  ease  with  which  the  caisson  is  held 
in  jjosition.  The  extreme  depth  of  dredging  required  is  one  hundred 
and  thirty  feet,  which  is  being  done  without  difficulty.  The  work  of 
sinking  the  caisson  to  its  foundation  having  been  completed,  the  services 
of  a  diver  are  availed  of,  who  makes  an  examination  of  the  river  bed 
through  the  various  open  compartments,  and  upon  whose  report  of  the 
removal  of  all  unctuous  materials  the  work  of  filling  in  with  concrete 
begins.  It  is  lowered  to  the  river's  bed  by  the  use  of  the  clam-shell 
dredge,  where  it  is  deposited  in  masses  of  four  to  five  yards  at  a  time, 
without  damage  from  wash,  forming  an  artificial  base  homogeneous  with 
the  bed  gravel.  This  filling  continues  to  the  toj^  of  the  caisson,  a  height 
of  seventy-seven  feet  in  the  case  of  Pier  No.  4,  now  completed,  the  same 
being  twenty  feet  below  low  tide,  at  which  point  the  granite  work 
begins.  The  caissons  contain  each  an  average  of  two  and  a  half  millions 
of  feet,  board  measure,  of  timber,  and  three  hundred  and  fifty  tons  of 
wrought  iron,  and  will  contain  forty  columns  of  concrete,  twelve  of 
which,  twelve  feet  square,  extend  from  the  bed  gravel  to  within  twenty 
feet  of  low  tide,  the  remaining  twenty-eight  resting  upon  the  cutting 
edges  which  are  solidly  imbedded  in  the  gravel  and  extend  to  the  same 
height.  The  concrete  is  comj^osed  of  Portland  and  Eosendale  cement, 
mixed  with  sand,  gravel  and  broken  stone,  in  the  i^rojiortion  of  five  to 
one. 

The  examinations  and  soundings  of  the  river  at  Poughkeepsie,  for 
le  i^uri^oses  of  determining  the  feasibilit}^  of  obtaining  suitable  and  safe 
jundations,  were  made  m  1872,  and  carried  forward  to  a  full  and  satis- 
ictory  develoj^ment  of  the  entire  jiracticability  of  the  undertaking.    On 
ae  20th   of  January,  1875,  a  contract  was  entered  into  by  the  Pough- 
iieepsie  Bridge  Company  with  the  American  Bridge  Comjiany  of  Chicago, 
Illinois,  for  the  completion  of  the  work.     New  soundings  and  examina- 
tions of  the  river  were  made  by  the  latter  company  at  the  projjosed  sites 
of  the  different  piers,  fully  confirming  those  of  1872  and  1873.      The 
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great  depths  to  wliicli  it  was  found  necessary  to  go  to  reach  the  gravel,, 
upon  which  the  foundations  rest,  required  a  jDlan  by  which  the  de- 
desired  object  could  be  secured  without  resort  to  the  pneumatic  process,, 
which  has  been  accomplished  by  adopting  the  present  plan  of  o^aen  cais- 
son designed  by  W.  G.  Cooledge.  By  the  terms  of  the  contract  betweea 
the  Poughkeejjsie  Bridge  Company  and  the  American  Bridge  Company 
the  bridge  is  to  be  completed  and  ready  for  the  passage  of  trains  by 
January  1st,  1881.  It  is  being  constructed  under  the  immediate  direc- 
tion of  P.  P.  Dickinson,  Chief  Engineer  of  the  Poughkeepsie  Bridge 
Company,  and  W.  G.  Cooledge,  Engineer  of  the  American  Bridge 
Comjiany. 


G.  3IodeIs  of  iron  pier  and  caisson  foundations,  as  constructed  at  Omahr, 
Leavenworth,  Booneville,  FallRiver,  &c.  Loanedto  the  Society  hy the  Armr- 
ican  Bridge  Company. 


BRIDGE    SUPERSTRUCTURE. 

(See  Plate  XL.) 


The  early  Americau  hridge  liiiilders  built  almost  entirely  of  wood  ; 
they  found  timber  abundant,  cheap  and  good,  iron  was  scarce  and  dear, 
and  the  limited  amount  of  capital  forbade  the  construction  of  masonry 
arches  where  any  cheaper  substitutes,  even  of  a  temporary  character, 
could  be  used.  They  built  wooden  trusses  to  cross  rivers  and  wooden 
trestles  over  ravines  ;  the  former  to  be  renewed  from  time  to  time,  as  the 
timber  decayed,  the  latter  ultimately  to  be  filled  with  earth  embankments. 

While  "the  earlier  truss  bridges  were  of  experimental  character  and  of 
many  diflferent  designs,  two  forms  soon  took  a  prominent  place  as  the 
most  common  and  probably  the  best  wooden  bridges  ;  these  were  known 
as  the  Burr  bridge  and  the  Towne  lattice.  The  Burr  bridge  was  built  of 
square  timber  ;  the  chords  were  made  of  two  timbers  i^laced  side  by  side ; 
vertical  pieces  were  placed  about  ten  feet  ai^art  and  framed  through  the 
chords,  projecting  sufficiently,  above  and  below,  to  form  a  connection 
which  would  resist  tension,  and  diagonal  struts  were  framed  into  these 
verticals  between  the  chords.  The  Towne  lattice  was  built  entirely  of 
plank,  usually  three  or  four  inches  thick,  all  the  connections  being  made 
by  wooden  pins  driven  through  auger  holes,  the  arrangement  of  parts 
being  generally  similar  to  those  of  an  iron  lattice.  Both  of  these  bridges 
did  good  ser\'ice,  and  they  are  still  used  for  highway  bridges  in  rural 
districts.  They  were  tisually  completely  covered  in,  and  frequently 
strengthened  by  timber  arches  springing  from  the  masonry  several  feet 
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below  the  trusses,  to  which  they  were  fastened  at  frequent  intervals. 
Good  examples  of  these  bridges,  built  as  early  as  the  beginning  of  the 
century,  are  still  standing. 

Another  wooden  bridge  of  somewhat  later  date,  but  which  was  built 
"very  largely  about  twenty  years  ago,  was  the  MaCallum  truss.  It  was 
in  reality  a  modification  of  the  Burr,  the  jDeculiarities  being  in  the  upper 
chord,  which  was  always  curved  so  as  to  increase  the  depth  of  the  truss 
at  the  centre,  and  in  the  use  of  the  so-called  arch  braces,  which  starting 
from  the  masonry,  passed  through  the  lower  chord  and  terminated  at 
different  panel  jioints  in  the  ujoijer  chord.  It  Avas  the  boast  of  the  in- 
ventor that  these  braces  would  sustain  the  bridge  even  if  the  lower  chord 
were  cut  in  two,  and  an  instance  actually  occiirred  in  which  the  entire 
lower  chord  and  floor  fell  imder  the  weight  of  a  train  into  the  river,  and 
the  ui^iier  portions  of  the  truss  were  left  standing.  This  bridge  was 
exceedingly  stiff  and  for  a  time  very  jiopular,  but  it  was  so  complicated 
that  it  was  customary  to  make  a  full-sized  drawing  on  a  smooth  floor, 
from  which  patterns  were  taken  for  the  framers.  It  has  now  gone  out  of 
use. 

The  first  real  advance  from  the  old  wooden  trusses  was  made  about 
forty  years  ago,  when  iron  rods  Avere  introduced  to  take  the  tensile 
strains  of  the  web.  This  was  accomplished  in  two  different  trusses,  the 
Pratt  truss,  in  which  the  web  was  composed  of  vertical  timber  compres- 
sion members  with  diagonal  rods  for  ties,  and  the  Howe  truss,  in  which 
the  rods  Avere  vertical  and  the  diagonals  Avere  Avooden  struts,  one  system 
of  bracing  being  precisely  the  reverse  of  the  other,  and  both  furnishing 
the  opportu.nity  for  perfect  counter  bracing,  in  which  the  Burr  In-idge 
was  deficient,  and  which  was  a  necessity  in  raib-oad  bridges.  At  first  the 
i;wo  systems  appeared  of  equal  merit,  but  the  vertical  rods  of  the  Howe 
required  a  minimum  amount  of  the  more  costly  material,  and  afforded 
special  advantages  for  simplicity  of  detail  ;  on  the  other  hand,  it  was 
found  difficult  to  keep  the  two  iron  diagonals  of  the  Pratt  truss  in  i^roper 
adjustment.  The  Howe  soon  took  the  jjlace  which  it  still  holds,  as 
the  standard  wooden 'truss,  whUe  it  was  left  for  the  iron  construction 
of  a  later  period  to  aj^iireciate  the  real  merits  of  the  Pratt. 

The  Howe  truss  may  justly  be  termed  the  most  perfect  wooden 
bridge  ever  built  ;  others  have  been  designed  of  greater  theoretical 
•economy  ;  but  for  simplicity  of  construction,  rajiidity  of  erection  and 
general  utility  it  stands  without  a  rival.     As  usually  built,   the  chords 
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■are  made  up  of  three  to  five  sticks  of  timber,  10  to  14  inches  deep,  and 
6  to  8  inches  wide.  They  are  ijlaced  about  an  inch  apart,  the  lengths 
breaking  joints,  and  are  fastened  together  at  intervals  of  about  4  feet 
with  iron  bolts  and  wooden  keys,  the  latter  being  blocks  two  inches 
thick,  which  are  let  into  the  timber  half  an  inch  ;  in  the  lower  chords 
the  joints  in  each  line  of  timber  are  coupled  with  wooden  clamps.  On 
the  chords  (above  the  lower  and  below  tlie  upper)  rest  the  cast  iron 
angle  blocks  ;  these  are  castings  as  long  as  the  chord  is  mde,  and  of  tri- 
angular section,  two  surfaces  serve  as  skewbacks  for  the  diagonal  braces 
to  rest  upon,  and  the  third  surface,  which  comes  against  the  chord,  has 
a  lip  cast  upon  it  which,  fitting  into  a  groove  cut  across  the  chord,  serves 
to  transmit  the  strain  from  the  block  to  the  chord.  The  angle  block  is 
cast  with  two  or  more  holes,  through  which  pass  the  vertical  rods  ; 
these  are  simply  straight  rods  of  round  bar  iron,  with  a  screw  cut  on 
each  end  ;  they  pass  through  the  chords,  between  the  different  lines  of 
timbers,  and  the  nuts  screw  up  against  washer  plates  of  wrought  iron 
placed  above  and  below  the  chords.  The  only  framing  about  the  braces 
is  to  cut  them  square  to  length,  and  the  entire  truss  can  be  laid  out 
with  a  square  and  scratch-awl,  and  framed  with  no  other  tools  than  a  saw, 
an  adze,  and  an  auger.  When  once  i:)roperly  erected,  the  only  attention 
required  is  an  occasional  adjustment  of  the  nuts  so  as  to  preserve  an 
equal  strain  in  the  rods  of  each  set. 

Mr.  Howe  built  his  first  bridge,  a  single  highway  span  of  75  feet  in 
1840  ;  his  second  bridge  was  a  railroad  bridge  of  seven  spans  of  180  feet 
each  across  the  Connecticut  river  at  Springfield,  built  in  the  same  year. 
The  lower  chord  was  made  of  planks  packed  close  together  with  oak  tre- 
nails ;  the  i^anels  were  only  seven  feet  long  and  the  braces  reached  across 
two  panels ;  the  braces  were  all  of  the  same  size  as  were  also  the  vertical 
Tods  ;  the  angle  blocks  were  of  wood.  This  bridge,  though  light  and 
badly  proportioned,  lasted  till  1853,  when  it  was  replaced  by  a  Howe 
truss  of  more  modern  design,  which  was  still  in  fair  condition  in  1874 
when  it  was  replaced  by  a  double-track  wrought-iron  structure. 

The  Howe  and  Pratt  trusses  as  originally  built  were  empirical  struc- 
tures like  their  predecessors;  they  were  jiroportioned  by  imperfect  rules 
and  withoiit  calculation.  The  simplicity  of  their  design,  however,  oflfered 
inducements  for  analysis,  and  the  analytical  methods  now  used  by 
American  engineers  in  building  iron  bridges  were  applied  by  the  best 
builders  to  these  more  crude  structures. 
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The  Howe  and  Pratt  trusses  introduced  the  use  of  iron  for  the  lightest 
portions  of  the  truss  ;  the  next  advance  was  to  make  the  entire  truss  of 
iron.  The  general  plans  of  the  wooden  bridges  were  adhered  to  as  far 
as  they  were  api^licable  to  the  new  material  ;  the  bottom  chords,  strained 
in  tension,  were  made  of  wrought  iron  bars,  and  the  compression 
members  were  of  cast  iron.  The  bars  of  the  lower  chord  were  joined 
together  with  eyes  and  pins,  and  the  upjier  chord  was  cast  in  panel 
lengths  with  square  bearings  ;  the  rods  of  the  web  usually  jaassed  around 
the  pins  of  the  lower  chord,  while  the  connection  at  the  upper  end  was 
by  niit  and  screw.  The  first  successful  iron  bridges  were  those  de- 
signed by  Squire  Whipple,  many  of  the  earliest  of  which  are  still  stand- 
ing, their  skeleton  being  substantially  the  same  as  that  still  in  most  com- 
mon use  ;  a  Pratt  triiss  with  the  end  posts  inclined  so  as  to  reach  over  the 
first  panel. 

The  adjustable  truss  with  cast  iron  compression  members  was  the 
real  beginning  of  iron  bridge  building  in  America.  A  large  number  oE 
bridges  of  this  sort  have  been  built  even  to  a  late  period  by  Mr.  Francis 
C.  Lowthor}),  in  which  all  tensile  connections  are  made  with  screws. 

Up  to  the  year  1850  few  iron  bridges  had,  however,  been  constructed 
of  longer  spans  than  fifty  feet. 

The  first  impulse  to  the  general  adoption  of  iron  for  railroad  bridges 
was  given  by  Mr.  Benj.  H.  Latrobe,  Chief  Engineer  of  the  Baltimore  and 
Ohio  Kailroad,  When  the  extension  of  this  road  from  Cumberland  to 
Wheeling  was  begun  he  decided  to  use  this  material  in  all  the  new 
bridges.  Mr.  Latrobe  had  previously  much  experience  in  the  cou- 
stniction  of  wooden  bridges  in  which  iron  was  extensively  used  ;  he  had 
also  designed  and  used  the  fish-bellied  girder,  constructed  of  cast  and 
wrought  iron,  and  which  is  still  in  use  on  the  Baltimore  and  Ohio  Rail- 
road ;  he  had  adopted  on  the  older  portion  of  that  road  the  BoUman  j)lan 
of  bridge  for  short  spans,  which  has  since  come  into  extensive  use.  But 
for  the  general  plan  of  bridges  west  of  Cumberland  he  adopted  the  plans 
submitted  by  Mr.  Albert  Fink,  his  assistant. 

The  basis  of  this  system  was  the  trussed  girder,  the -straight  beam 
with  a  single  post  at  the  centre,  supported  by  inclined  rods  reaching  to 
each  end.  Mr.  Fink  increased  the  practical  length  of  this  style  of  truss 
by  making  each  half  a  secondary  trussed  girder,  and  then  by  treating 
the  quarters  and  subsequently  the  eighths  in  the  same  way,  he  extended 
the  single  principle  of  the  trussed  girder  to  a  truss  of  sixteen  panels  ; 
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the  same  upjaer  chord  acted  as  the  beam  for  all  the  systems,  btit  other- 
wise they  Tvere  independent. 

In  both  the  Fink  and  BoUman  triisses  all  parts  were  suspended  from 
the  upper  chord,  and  no  lower  chord  was  required  ;  they  were  distin- 
guished by  the  name  of  suspension  trusses.  One  of  the  earliest  esami)les 
of  the  Fink  truss  is  the  bridge  over  the  Monongahela  River  on  the  Balti- 
more and  Ohio  Railroad,  completed  in  1853,  and  still  in  use.  The  chords 
and  posts  were  of  cast  iron,  and  the  tension  members  of  wrought  iron. 
The  bridge  consists  of  three  spans,  each  of  205  feet  length,  the  longest 
then  constructed  in  this  country.  All  the  bridges  on  the  Baltimore  and 
Ohio  Railroad  were  built  upon  this  general  plan,  and  it  was  adopted  on 
many  roads  in  the  South.  In  many  bridges  wood  was  substituted  for  the 
cast  iron  in  the  parts  which  resist  compression,  and  this  combination 
resulted  in  a  structure  which  combined  durability  with  great  cheapnesfv 
It  may  be  proper  to  mention  here  that  this  plan  of  truss  was  particularly 
designed  with  the  view  of  making  it  self-adjustable,  when  two  materials 
are  combined  in  it,  which  are  differently  affected  by  change  in  tem- 
perature. 

While  this  development  in  the  construction  of  iron  bridges  was  going 
on  quietly  in  the  more  Southern  States,  during  the  years  from  1850  to 
1860,  very  few  iron  bridges  were  then  built  in  the  Northern  States.  The 
reason  for  this  delay  in  the  adoj)tion  of  iron  for  bridge  construction 
must  be  found  in  the  general  prejudice  which  then  existed  in  the  mind 
of  the  public,  shared  even  by  many  engineers,  which  had  been  caused  by 
the  faihire  of  a  badly  proportioned  iron  bridge  on  the  New  York  and 
Erie  Railway  in  1850,  and  also  by  the  failure  of  the  iron  bridge  over  the 
River  Dee,  in  England,  which  took  place  about  the  same  time.  It  was 
difficult  for  the  few  engineers,  who  combatted  the  Crystallization  Theory 
which  was  then  advanced,  to  overcome  this  prejudice.  It  was  some  ten 
years  after  the  commencement  of  the  earlier  efforts  to  which  reference 
has  just  been  made  that  iron  bridges  were  introduced  on  the  Pennsyl- 
vania Railroad,  upon  the  plans  of  Mr.  J.  H.  LinviUe.  The  best  of  these 
earlier  examples  is  the  bridge  over  the  Ohio  river,  at  Steubenville,  which 
was  built  in  1862,  with  a  span  of  320  feet. 

About  the  year  1867,  iron  bridge  building  in  America  began  to 
assume  its  present  importance.  In  this  year  the  first  iron  bridges  over 
the  Mississi^jpi  were  begun,  and  the  scheme  for  the  great  bridge  at  St. 
Louis  began  to  assume  a   definite  form.  At  this  time  the  most  prominent 
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•designs  for  iron  bridges  were  of  four  kinds.  The  Fink  and  Bollman  sus- 
pension trusses,  the  Pratt  truss  and  the  Warren  girder.  The  Howe  truss 
had  been  built  in  iron  to  a  limited  extent,  but  it  was  soon  found  that  how- 
ever excellent  in  wood  it  was  poorly  adaj^ted  to  iron  construction.  In  order 
to  obtain  greater  economy  in  the  web  without  the  use  of  panels  of  unusual 
length,  the  Pratt  truss  was  built  with  a  double  web  system  (called  the 
Whipple,  MurjDhy,  or  sometimes  the  Lin  villa  truss),  and  the  Warren 
girder  was  either  doubled  or  the  floor  was  suspended  by  vertical  rods 
from  the  intersections  of  the  braces  with  the  iipper  chord.  Cast  iron 
was  generally  used  for  compression  members  which  were  cast  of  hollow 
cylindrical  form.  Mr.  Linville,  President  of  the  Keystone  Bridge  Com- 
l^any,  had,  however,  built  bridges  with  wrought  iron  posts,  and  the 
hollow  wrought  iron  riveted  column  made  by  the  Phoenix  Iron  Com- 
j)any,  had  already  been  received  with  much  favor.  Many  builders, 
however,  preferred  to  retain  the  cast  iron  top  chord,  while  xising  the 
wrought  iron  jaosts  in  the  web. 

Shortly  before  this  Mr.  S.  S.  Post  had  designed  and  patented  the 
Post  truss.  The  details  of  this  bridge  were  in  many  respects  novel,  but 
the  distinctive  feature  was  the  arrangement  of  the  posts  and  ties  of  the 
web  ;  the  bridge  being  usually  built  with  a  double  web  system,  and  the 
posts  being  given  an  inclination  across  half  a  panel,  main  ties  across 
a  panel  and  a  half,  and  the  coimter  ties  the  same  inclination  as  the 
posts  reversed.  This  design  was  the  result  of  careful  calculations,  and 
thought  to  be  very  economical. . 

About  this  time,  also,  the  use  of  combination  bridges  became  com- 
mon— this  term  being  applied  to  bridges  in  which  the  lower  chord  and 
other  tensile  members  were  of  wrought  iron,  the  toji  chord  and  com- 
pression members  being  wood.  The  origin  of  this  system  of  construc- 
tion may,  perhaps,  be  found  in  the  early  suspension  trusses  of  Mr.  Fink, 
with  Avooden  chords  and  posts.  Mr.  Fink  also  introduced  what  was  known 
.as  the  V  combination  truss,  a  Warren  girder  with  top  chord  and  braces  of 
wood  and  lower  chord  and  ties  of  wrought  iron  ;  this  bridge  was  easily 
protected  from  decay  by  covering  the  upper  chord  and  i^rincij^al  braces 
with  a  tinned  roof  ;  it  is,  probably,  the  best  combination  bridge  built, 
and  is  used  largely  in  many  jjai'ts  of  the  South,  where  it  has  virtually 
superseded  the  Howe  truss,  The  Post  truss  was  often  built  as  a  com- 
bination truss,  and  the  Pratt  truss  is  still  built  in  this  way.  The  first 
-bridge  across  the  Missouri  river,  bitilt  in  1867-69,  at  Kansas  City,  by 
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Mr.  Cbanute,  was  an  examijle  of  a  combination  double  system  Warren 
girder,  with  curved  upper  chord. 

The  introduction  of  wrought  iron  jiosts  was  soon  followed  by  the  use 
of  the  same  material  in  the  heavy  compression  sections  of  the  top  chord, 
and  the  best  builders  were  not  slow  to  realize  that  the  screw  adjiistments- 
•ivhich  were  imi3ortant  in  wooden  bridges  were  of  no  advantage  in  an 
iron  structure  ;  the  screw  connections  at  the  ui?i3er  ends  of  the  ten- 
sion rods  were  accordingly  dispensed  with,  and  bridges  built  with  pin 
connections  throughout.  The  use  of  cast  iron  has  gradually  become 
less  and  less,  until  now  many  engineers  have  entirely  dispensed  with  it, 
making  all  the  connections  and  details  entirely  of  wrought  iron. 

The  peculiarities  of  American  iron  bridges,  as  comj^ared  with  those 
of  the  European  builders,  may  be  traced  in  no  small  measure  to  the 
fact,  that  in  America  the  construction  of  wooden  bridges  was  practi- 
cally perfected  before  the  building  of  iron  bridges  was  begim,  Many  of 
the  features  of  wooden  construction  were  repeated  in  iron,  sometimes 
with  very  unsatisfactory  results,  and  only  to  be  abandoned  as  the  build- 
ers became  more  proficient ;  but  the  most  prominent  feature  of  American 
bridge  design  is  the  concentration  of  the  material  in  a  few  members,  and 
this  was  realized  in  the  Pratt,  Howe  and  other  trusses,  before  iron 
bridges  were  built.  Simplicity  of  skeleton  form  has  been  followed  from 
the  first ;  and  since  the  use  of  wrought  ii'on  track  stringers  has  removed 
the  objections  to  long  panels,  single  systems  of  bracing  have  generally 
been  preferred  to  double,  and  the  simple  Pratt  truss,  of  wrought  iron 
with  inclined  end  posts,  and  all  tensile  connections  made  with  eye  bars 
and  pins,  has  of  late  years  been  built  more  largely  than  any  other 
design. 

The  Euroi^ean  systems,  on  the  other  hand,  have  not  been  without 
their  advocates ;  riveted  structures,  copied  originally  from  foreign 
designs,  were  early  introduced  on  the  Ncav  York  Central  Railroad  and 
some  of  its  connections,  and  this  has  ever  since  been  the  standard 
system  of  construction  on  those  lines.  The  earlier  bridges  were  gen- 
erally built  with  vertical  compression  members  and  inclined  ties  ;  the 
latter  being  so  numerous  as  to  give  the  structure  the  appearance  of  a 
lattice  bridge.  For  the  shortest  spans  riveted  plate  girders  were  used. 
This  system  of  construction  has  not  been  without  its  influence  on  the 
designs  which  are  considered  more  strictly  American,  and  its  develop- 
ment has  undoubtedly  been  modified  by  the  standards  of  other  builders. 
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Plate  girders  and  trellis  bridges,  built  of  plates  and  angle -irons,  have 
now  become  the  favorite  forms  of  iron  construction  for  spans  of  60  feet 
and  under,  and  their  use  is  yeai'ly  becoming  more  common.  On  the 
other  hand,  in  trusses  of  greater  length,  the  builders  of  riveted  work 
have  departed  from  the  European  forms  of  construction  and  concentrated 
their  material  in  comparatively  few  members,  the  usual  design  being  a 
species  of  lattice  in  which  the  parts  are  so  'few  that  each  diagonal  is  inter- 
sected by  only  three  others — the  truss  being,  in  fact,  a  four-system  War- 
ren girder,  in  designing  which  the  strains  of  each  member  are  separately 
calculated  in  much  the  same  way  as  is  done  in  the  more  widely  sejaarated 
members  of  a  pin  jointed  truss.  One  of  the  best  examjiles  of  riveted 
bridges  was  built  in  1874,  over  the  Connecticut  river,  at  Sprinfigeld, 
Mass.,  on  the  i^iers  once  occujiied  by  the  first  Howe  truss  that  ever 
carried  a  railroad. 

In  the  early  building  of  railroads  and  even  of  late  years  in  the  con- 
struction of  lines  in  timbered  or  thinly  settled  districts,  the  use  of 
wooden  trestle  work  played  a  part  hardly  inferior  in  importance  to  that 
of  wooden  truss  bridges.  The  plan  of  trestle  work  commonly  adopted 
consisted  of  bents  j^laced  from  12  to  18  feet  apart,  each  bent  consisting 
of  a  sill,  four  posts  and  a  cap,  all  of  timber  12  inches  square  ;  the  sill 
rested  on  piles  or  sub-sills  according  to  nature  of  the  foundation  ;  the 
two  inside  jiosts  were  vertical  and  placed  directly  under  the  rails,  and 
the  outside  posts  were  given  a  batter  of  about  1  in  4  ;  the  posts  were 
framed  into  the  sill  and  plate  with  mortise  and  tenon,  and  the  bent  M'as 
stiffened  by  diagonal  planks  bolted  or  spiked  on  each  side.  Stringers 
resting  on  the  caps  connected  the  several  bents,  and  on  them  were  laid 
the  ties  to  which  the  rails  were  spiked.  This  trestle  with  very  slight 
modifications  has  been  built  in  all  parts  of  the  country,  and  used  to  carry 
railroads  across  ravines  where  the  cost  of  earth  embankments  was  too 
great  for  the  economical  demands  made  on  the  engineeer.  Where  the 
height  exceeded  about  30  feet  the  bents  were  built  in  two  or  more 
stories,  an  intermediate  cap  with  light  longitudinal  stringers  being 
placed  at  the  top  of  each  story.  For  structures  of  great  magnitude 
siJecial  designs  were  followed,  in  the  best  of  which  the  use  of  mortise 
and  tenon  was  abandoned,  and  the  diflferent  lengths  of  timber  were 
made  with  square  butt-joints  resting  directly  ixpon  one  another.  The  best 
known  example  of  this  class  oi"  structure  was  the  great  Portage  viaduct 
designed  by  Mr.  Silas  Seymour  in  1851,  which  was  so  arranged  that  every 
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timber  could  be  taken  out  and  replaced  witliout  disturbing  the  stability 
of  the  striicture. 

The  first  exami^les  of  iron  trestles  were  erected  in  1853  by  Mr.  Fink 
on  the  Baltimore  &  Ohio  Eailroad.  There  are  two  of  these  trestles  or 
viaducts,  crossing  ravines  on  Cheat  River  at  an  elevation  of  250  feet  above 
that  river.  They  are  located  on  grades  of  1  in  50,  and  one  of  them  on  a 
curve  of  800  feet  radius,  and  are  built  entirely  of  cast  iron.  The  trestle  is 
sixty  feet  high — the  posts  are  cast  in  two  sections  ;  the  lower  has  a  diameter 
of  7  inches,  and  the  upper  of  6 Ruches,  with  J-inch  thickness  of  metal. 
Every  25  feet  there  is  a  vertical  post,  from  the  foot  of  which  two  inclined 
braces  start ;  the  braces  in  the  several  panels  meet  at  the  top  in  the 
centre  of  the  twenty  five  feet  space,  giving  a  support  to  the  stringers 
bearing  the  track,  every  12^  feet.  The  length  pf  these  trestles  is  500 
feet,  and  they  are  built  in  sections  of  125  feet  length ;  each  section  is 
braced  together  in  such  a  manner  as  to  permit  it  to  sHde — from  the 
centre  each  way — upon  the  foundation  plates,  in  order  to  permit  of  the 
contraction  and  extension  of  the  structure  under  the  influence  of  changes 
in  temperature. 

These  structures,  presenting  an  extremely  light  appearance,  have  r.ow 
been  in  use  for  twenty-five  years,  and  may,  perhajDs,  be  considered  the 
boldest  attemjjt  in  the  use  of  cast  iron  in  bridge  construction. 

About  a  dozen  years  ago  Mr.  C.  Shaler  Smith  began  building 
wrought-iron  trestles,  using  Phoenix  riveted  columns  for  posts,  each 
bent  consisting  of  two  posts  with  cross  struts  at  intervals  of  about 
30  feet  and  diagonal  tie  rods,  the  bents  being  j^laced  30  feet 
apart,  supporting  trussed  girders,  and  stiffened  longitudinally  by 
struts  and  diagonal  ties  ;  these  trestles  were  built  at  first  with  all 
longitudinal  members  of  wood  so  as  to  avoid  any  diflficixlties  from 
thermal  expansion,  but  by  omitting  the  struts  in  every  third  or  fourth 
siaan,  there  was  found  no  diflficiilty  in  making  all  jiarts  of  iron. 
This  general  system  of  construction  has  now  become  very  common, 
and  iron  viaducts  of  skeleton  design  are  biiilt  by  all  bridge  builders,  the 
designs  being  more  or  less  varied  to  suit  the  peculiar  requirements  of 
each  case.  In  all  of  these,  however,  the  same  i^revailing  characteristic 
is  found  that  marks  the  truss  bridges,  the  concentration  of  material  in 
a  few  members,  and  the  economical  advantages  of  this  system  are  found 
even  greater  in  lofty  viaducts  than  in  long  span  trusses.  The  most 
remarkable  example  of  iron  viaducts  is  the  bridge  lately  built  by  Mr. 
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Smith  across  the  Kentucky  river,  consisting  of  three  spans  each  375  feet 
long,  which  rest  npon  iron  towers,  and  carry  a  raih-oad  'at  a  height  of 
275  feet  above  the  river. 

As  early  as  1847  Squire  Whii^iile  printed  with  his  own  hands  a  memoir 
on  the  strains  in  skeleton  striictnres,  in  which  the  general  principles  of 
calculating  strains,  and  proportioning  the  ^aarts  of  the  more  common  forms 
of  trusses  were  correctly  enunciated.  This  memoir  was  the  foundation 
of  American  scientific  bridge  biiilding.  The  practice  of  American  bridge 
builders  is  to  calculate  in  detail  the  strains  on  each  separate  member  of 
a  truss,  preparing  strain  sheets  or  skeleton  diagrams,  on  each  line  in 
which  the  estimated  maximum  strains  are  marked  ;  in  common  j^ractice 
railroad  bridges  are  designed  to  carry  3  000  pounds  for  each  foot  of 
track  with  an  additional  allowance  to  cover  the  extreme  strains  produced 
by  a  heavy  locomotive  on  the  floor  and  web  systems  ;  it  is  not  unusual, 
however,  to  calculate  the  effects  of  an  actual  train,  considering  the 
difierent  weights  on  the  wheels.  The  pin  joint  system  offers  the  best 
assurance  that  the  actual  strains  will  agree  with  the  calculations,  and 
renders  simple  the  connection  of  large  sized  members,  whose  use  in 
riveted  structures  is  virtually  excluded  by  the  large  number  of  rivets 
required  in  the  joints. 

The  practice  has  been  to  build  the  several  members  of  a  bridge  in 
the  shop,  finishing  every  part.  The  tensile  n^embers  are  eye-bars  with 
forged  heads  and  eyes  drilled  to  fit  accurately  on  turned  pins  ;  the  com- 
pression members  are  usually  built  of  jjlates,  angles  and  channel  irons,. 
or  of  special  shapes  like  the  sections  of  the  Phoenix  column.  Each  mem- 
ber is  complete  as  it  leaves  the  shop,  and  the  bridge  has  only  to  be  put 
together  at  its  site,  little  or  no  riveting  being  done  there  ;  a  span  of 
ordinary  length  will  be  erected  in  two  or  three  days. 

The  last  ten  years  have  witnessed  the  erection  of  structures  of  a  mag- 
nitude which  had  not  been  attempted  in  America  till  then.  The  Raritan 
draw  bridge  which  turns  on  a  central  pier  and  has  a  total  length  of  472 
feet,  and  the  channel  span  of  the  new  bridge  over  the  Ohio  at  Cincinnati, 
520  feet  long,  both  designed  by  Mr.  Linville  and  built  by  the  Keystone 
Bridge  Company  ;  the  Rock  Island  draw  bridge,  designed  by  Mr.  C. 
Shaler  Smith,  and  weighing  750  tons  ;  besides  the  draw  l)ridges,  all 
over  360  feet  long,  on  the  Mississipiai,  and  four  other  bridges 
across  the  Ohio  with  channel  spans  from  350  to  400  feet,  ai'e  ex- 
amples of  the  ai^ijlication  of  the  more  usual  forics  of  construction  of 
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works  of  unusual  size.  The  St.  Louis  bridge  with  its  three  'spans  of 
steel-ribbed  arches  each  about  500  feet  long  ;  the  stiflfeued  susi^ension 
bridge  at  Pittsburg,  and  the  great  steel  wire  suspension  bridge  at  New 
York  with  a  clear  si^an  of  1600  feet,  the  cables  of  which  are  now  in 
position,  are  prominent  cases  in  which  the  engineers  have  thought  best 
to  dejjart  from  the  usual  forms  of  truss  construction  and  to  erect  struc- 
tures specially  designed  to  naeet  the  peculiar  requirements  of  each 
case. 


SUBJECTS  EXHIBITED. 


7.  Photographs   of  the  old  and  new  viaducts  at  Portage,  New  York,  and 
detail  drawings  of  the  neio  viaduct.     Silas  Seymouk,  Engineer  of  old 
viaduct.     Geo.  S.  Moeison,  Engineer  of  new  viaduct. 
(See  Plate  XLI.) 

The  original  Portage  bridge  was  the  most  remarkable  timber  viaduct 
ever  erected.  It  was  begun  July  1st,  1851,  and  completed,  so  as  to  cross 
with  an  engine,  on  August  14th,  1852.  The  viaduct  was  over  800  feet 
long  and  234  feet  high  from  bed  of  the  river  to  the  rail,  the  masonry 
being  30  feet  high,  the  trestles  190  and  the  trusses  14  feet.  It  contained 
1  602  000  feet  B.  M.  of  timber,  108  862  lbs.  of  iron  in  bolts,  and  9  200 
cubic  yards  of  masoniy.  Three  trestles  were  groiiised  together  forming 
a  timber  pier,  and  it  was  estimated  that  a  single  one  of  these  piers  would 
sustain  3  000  tons  besides  the  weight  of  the  structure.  These  piers  were 
fifty  feet  aj^art.  The  general  plan  was  made  by  Silas  Seymour,  Chief 
Engineer,  and  the  drawings  and  bills  of  material  prej)ared  by  H.  C. 
Brundage. 

On  Thursday,  May  6th,  1875,  this  timber  viaduct  was  destroyed  by 
fire.     The  destructiou  of  everything  above  the  masonry  was  complete. 

On  Monday,  May  10th,  the  contract  for  the  iron  work  was  let  to  the 
Watson  Manufacturing  Company,  of  Paterson,  the  bridge  to  be  built 
according  to  plans  of  George  S.  Morison,  C.  E.  The  first  iron  column 
was  raised  June  13th.  On  July  29th  the  iron  was  all  in  position;  on  the 
following  day  the  track  was  laid  across,  and  on  Saturday  July  31st,  the 
bridge  was  tested  and  thrown  open  for  traffic. 

The  main  principle  of  the  plan  may  be  said  to  be  that  which  charac- 
terizes all  American  bridge  building,  and  is  the  leading  difference 
between  the  works  of  American  and  European  engineers  ;  the  concentra- 
tion of  the  material  into  the  least  possible  number  of  parts. 

The  iron  viaduct  has  10  spans  of  50  feet,  two  of  100  feet,  and  one  of  118 
feet,  a  50  feet  span  being  placed  between  each  of  the  long  spans.  The  trusses 
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are  supported  by  -wroiiglit  iron  columns,  tlie  ends  of  two  adjacent  trusses 
resting  upon  a  single  column.  The  jjair  of  columns  supporting  the  opposite 
trusses  are  in  the  same  vertical  plane,  but  are  inclined  towards  each  other 
and  connected  with  wrought  iron  struts  25  feet  apai-t  and  diagonal  tie  rods, 
thus  forming  a  two  post  bent  ;  each  column  is  connected  with  the  par- 
allel column  of  the  adjoining  bent  by  a  similar  arrangement  of  struts  and 
diagonal  ties  ;  four  columns  with  the  connecting  bracing  are  thus  made 
to  form  a  skeleton  tower,  20  feet  wide  and  50  feet  long  on  the  top, 
surmounted  by  a  fifty  feet  span  of  bridge,  having  the  same  length  at  the 
bottom  and  a  width  varying  with  the  height  of  the  tower.  There  are 
sis  of  these  towers,  the  largest  having  a  total  height  from  masonry  to 
rail  of  203  feet  8  inches. 

The  trusses  of  the  superstructure  are  proportioned  to  carry  a  moving 
load  of  3  000  pounds  per  running  foot,  and  an  excessive  load  of  5  000 
pounds  per  foot,  with  a  maximum  tensile  strain  of  10  000  pounds  per 
square  inch.  The  towers  are  built  to  carry  a  moving  load  of  5  400 
pounds  i^er  running  foot  (being  designed  for  two  tracks) ;  they  are  also 
calculated  to  resist  a  wind  pressure  at  right  angle  to  the  bridge,  of  30 
pounds  per  square  foot,  exerted  on  the  entire  stxrface  of  the  structure 
and  of  a  train  of  cars,  and  one  of  50  pounds  per  square  foot  exerted  on 
the  surface  of  the  structure  alone. 

The  columns  rest  upon  cast  ii-on  pedestals,  those  on  the  North  side  of 
the  bridge  being  secured  by  dowels  to  a  cast  iron  plate  sunk  in  the 
masonry,  and  those  on  the  South  side  being  placed  on  rollers,  rolling  at 
right  angles  to  the  axis  of  the  bridge.  The  columns  are  made 
in  25  feet  lengths.  They  are  formed  of  three  plates  and  four 
angle  irons,  with  a  lacing  on  the  fourth  side,  so  that  the  interior 
of  the  column  is  accessible  for  painting.  The  angles  are  all 
4x4:X  ^  inches,  and  the  plates  are  all  16  inches  wide;  the  thickness  of  the 
side  plates  being  varied  to  provide  for  the  increased  strains  in  the  lower 
sections.  The  ends  of  the  several  lengths  are  squared  and  faced,  and  they 
rest  directly  tipon  one  another  without  joint  boxes;  the  upper  end  of  each 
length  is  fitted  with  two  projecting  plates  which  form  a  tenon  ;  the 
length  above  fits  over  the  tenon  j^lates  and  is  secured  to  the  lower 
length  by  a  turned  pin  of  If  inch  diameter  i^assing  through  carefiilly 
bored  holes  ;  this  same  pin  serves  for  the  attachment  of  the  longitudinal 
rods.  A  second  pin  at  right  angle  to  this  one  forms  the  attachment  for 
the  transverse  strut  and  ties.  The  diagonal  ties  are  everywhere  in  pairs. 
The  longitudinal  strut,  w'hich  is  nearly  fifty  feet  long,  is  built  in  the 
form  of  a  light  lattice  truss,  is  two  feet  deep  and  one  foot  wide,  with  the 
ends  squared  and  butting  against  the  side  of  the  column. 

The  towers  were  raised  with  no  other  falsework  than  that  actually 
used  in  handling  the  material  of  each  successive  section.  Before  begin- 
ning to  raise  a  tower,  a  floor  of  long  timbers  reaching  from  pier  to  pier 
and  loose  boards  was  laid  at  the  site  of  the  tower ;  on  this  floor  was 
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erected  a  frame  work  30  feet  high,  and  composed  of  two  "bents,  one  on 
each  side  of  the  tower  ;  each  bent  consisted  simi^lv  of  two  i^osts  48  feet 
apart  and  a  cap  55  feet  long,  braced  with  jilanks  across  the  corners. 
The  lower  lengths  of  the  columns  were  then  lifted  into  position;  the 
transverse  and  longitudinal  struts  put  in  place  and  the  diagonal  ties  put 
on.  A  gin  jDole  55  feet  high  was  then  lashed  to  each  column,  and 
these  gin  poles  were  used  to  transfer  the  floor  and  frame  to  the  top  of 
the  now  completed  lower  section  of  tower.  The  same  operation  was 
then  repeated  with  the  second  lengths  of  columns,  which  were  placed 
over  the  tenon  j)lates  of  the  lower  length,  and  secured  by  the  pins. 
When  the  second  section  of  the  tower  was  completed,  the  frame  was 
used  to  raise  the  gin  poles  ;  the  floor  and  frame  were  then  raised  again, 
and  the  jarocess  repeated  till  the  tower  attained  its  full  height.  The  last 
tower  raised,  weighing  277  000  pounds,  Avas  entirely  erected  in  11  days, 
one  day  only  having  been  previously  spent  in  preparing  the  staging  for 
the  first  section. 

To  erect  the  long  spans,  combination  Pratt  trusses  were  built,  the 
top  chords  of  which  were  made  of  four  pieces  of  pine  4  X  10  inches, 
packed  in  pairs,  and  sprung  about  4  feet  apart  in  the  centre  ;  the  bottom 
chord  was  of  straight  parallel  eye  bars  and  the  j)osts  V  shaped  ;  the  form 
of  the  top  chord  made  the  truss  stiff  Avithout  lateral  bracing.  These 
trusses  were  jDut  together  below,  and  raised  by  block  and  falls  to  the 
bottom  of  the  upper  section  of  the  towers,  where  they  were  placed, 
resting  upon  the  transverse  struts,  two  being  used  for  each  s]pan.  A 
suitable  staging  was  then  erected  on  them,  and  the  j)ermanent  truss  was 
put  together,  the  materials  being  run  out  from  the  end  of  the  bridge. 

The  trusses  are  of  the  simple  Pratt  pattern.  One  end  of  each  long 
truss  is  bolted  to  the  iron  capital  of  the  column  and  the  other  is  placed 
on  rollers,  but  connected  with  the  next  truss  by  iron  loops  passing  over 
the  end  pins  of  each  span,  and  allowing  only  the  amount  of  motion 
needed  for  expansion.  The  short  spans  over  the  truss  are  bolted  to  the 
capitals  at  both  ends.  The  end  pins  of  the  50  feet  spans  are  placed  6 
inches  from  the  centre  of  the  column,  and  those  of  the  long  spans  only 
3  inches,  so  that  under  a  full  load  the  centre  of  Aveight  comes  directly 
in  the  line  of  the  centre  of  the  column. 

The  total  weight  of  iron  in  the  bridge  is  1  310  000  pounds,  divided 
as  follows  : 

Towers 897  550 

10  spans  50  feet  each 197  420 

2      "100     "       "     128  910 

1      "118     "     86  120 

Total  weight  of  superstructure 412  450 

Total 1  310  000 
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The  amount  of  timber  in  the  floor,  foot-ways  and  railing  is  112  318 
feet  of  oak  and  18  300  feet  of  pine  (B.  M.),  while  27  987  pounds  of  iron 
were  used  in  bolts  and  washers,  the  heavier  bolts  being  all  bolts  taken 
from  the  ruins  of  the  old  bridge. 


8.  Photographs  of  iron  double  track  railroad  bridge  over  tlie  Delaware 
at  Easton,  and  detail  drawing  of  double  track  iron  bridge  on  Erie 
Railway;   built  by  Messrs.  Kellogg  &  Maurice. 


9.  Photograph  of  double  track  iron  bridge  at  Corning,  on  the  Erie  Rail- 
way;  built  by  Charles  Magdonald,  C.  E. 


10.  A   collection   of   bridges    built  by    Delaivare    Bridge    Co.      Charles 
Macdonald,  C.  E.     President. 

(See  Plate  XLII.) 

The  group  exhibited  by  the  Delaware  Bridge  Co.  comprises  : 

1st.  A  photograph  of  the  Passaic  Draw  Bridge,  near  Newark,  N.  J. 

2d.  A  photograph  of  the  Oak  Orchard  Viaduct,  on  the  Pvome,  Water- 
town  and  Ogdensburg  Railroad,  New  York. 

3d.  A  photograph  of  the  Rockville  Bridge,  on  the  Pennsylvania  Rail- 
road, near  Harrisburg,  Pa. 

4th.  Drawings  of  some  important  details  of  the  bridges  illustrated 
by  the  above  jjhotograijhs. 

Passaic  Draw  Bridge. 

This  is  a  wrought  iron  double  track  structure,  crossing  the  Passaic 
River  at  Newark,  on  the  line  of  the  Morris  &  Essex  Railroad.  There 
are  three  trusses,  sustaining  the  tracks  upon  iron  beams  susiiended  from 
the  lower  chords. 

General  Dimensiotis. 

Length  of  trusses  from  centre  to  centre  of  end  pins 220  ft.  6  in. 

Height  of  trusses  from  centre  to  centre  of  chords 22  ft. 

Width  of  bridge  from  centre  to  centre  of  outer  trusses 30  ft. 

Height  of  rail  above  the  water 45  ft. 

Weights  adopted  for  Calculation. 

Dead  load  per  lineal  foot  of  bridge 2  000  lbs. 

Live  load,   per  lineal  foot,  covering  both  tracks  throughout 

entire  length 5  000  lbs. 

Live  load,   per  lineal  foot,  covering  both  tracks  for  one  half 

the  span 7  000  lbs. 
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When  tlie  bridge  is  open  all  the  dead  load  is  transmitted  to  the  central 
snpiJort,  and  the  strains  are  determinfed  as  in  the  case  of  a  beam  sup- 
ported in  the  middle.  When  the  bridge  is  shut  and  the  wedges  adjusted, 
the  extremities  are  brought  to  rest  only,  and  the  strains  due  to  dead  load 
are  not  materially  changed  ;  the  effects  produced  by  the  rolling  loads  are 
now  determined  under  the  assumption  that  the  bridge  is  siipi^orted  at  the 
-centre  and  extremities  ;  and  finally,  the  maximum  strains  are  obtained  by 
adding  the  strains  due  to  fixed  and  rolling  loads  with  their  proper  sign  : 

Weight  of  Iron  in  the  Slrudure. 

Upper  chords 45  000  lbs. 

Lower  chords 52  000  " 

Posts 65  780  " 

Diagonal  bars 48  800  " 

Pins 5  900  " 

Upper  lateral  system 15  800  " 

Lower  lateral  system 4  800  " 

Portals ". 2  600  " 

€ross  floor  beams 68  970  " 

Longitudinal  floor  beams 41  120  " 


Weight  of  iron  in  trusses 350  770  lbs. 

Weight  of  iron  in  turn-table 107  690    " 


Total 458  460  lbs. 

The  trusses  are  of  the  "  Whipple  "  type,  with  the  endjiosts  inclined, 
and  with  two  inclined  posts  and  a  vertical  at  the  central  poiut  of  sup- 
13ort.  The  chords  are,  for  the  most  part,  made  up  of  two  10  inch  chan- 
nels and  a  cover  plate  on  one  side,  with  open  lattice  work  on  the  other, 
forming  a  trough  shaped  section.  In  the  centre  panels  of  the  upper 
chord,  where  tension  alone  exists,  ej^e  bars  are  used  ;  all  other  connec- 
tions in  the  chords  are  designed  to  I'esist  both  tension  and  compression. 
The  lower  chords  of  the  centre  truss  abut  against  a  casting  Avhich  forms 
the  upper  portion  of  the  turn-table,  and  are  secured  to  it  by  angle  iron 
lugs.  The  lower  chords  and  central  posts  of  the  outer  ti'usses  are  riveted 
at  their  intersection  to  splice  i:)lates,  making  a  continuous  wrought  iron 
connection.  The  connections  at  the  abutment  ends  are  also  riveted. 
Vei-tical  posts  ai-e  made  up  of  channels  latticed  on  both  sides,  forming 
a  rectangular  section  open  on  both  sides  to  insi^ection.  The  ends  are 
reinforced,  and  pin  holes  bored  for  connection  with  the  chords.  No 
joint  boxes  are  used. 

The  dead  weight  of  the  bridge  is  transmitted  to  the  revolving  surface 
of  the  turn-table  through  the  casting  at  the  centre  of  the  lower  chord  of 
the  middle  triiss ;  that  portion  is  borne  by  the  middle  truss  directly,  while 
the  outer  trusses  rest  upon  the  extremities  of  two  plate  girders  connected 


354* 

on  each  side  tlie  center  by  diai^liragm  plates  and  Ings  ;  by  this  means  the 
entire  Aveiglit  of  the  outer  trusses  and  cross-girders  may  be  suspended 
upon  twelve  vertical  bolts  passing  through  holes  in  the  sides  of  the 
central  casting.  This  casting  rests  upon  conical  steel  rollers  enclosed 
between  steel  rings  grooved  to  fit  the  coning  of  the  rolls,  and  having 
half  an  inch  i)lay  between  :  uj)on  these  rollers  the  bridge  revolves.  The 
lower  ring  is  fitted  to  a  cast  iron  seat  having  a  hemispherical  cavity  on 
the  under  side  to  receive  a  corresijouding  cast  bearing  block  which 
distributes  the  weight  ujion  a  wrought  iron  pintle  extending  to  the 
masonry.  Under  each  end  of  the  cross  girders  are  four  trailing  wheels 
adjusted  so  as  to  bear  lightly  upon  the  track.  When  one  line  of  rails  is 
loaded,  these  wheels  sustain  a  portion  of  the  weight,  but  not  when  the 
bridge  is  turning. 

Attached  to  the  lower  side  of  the  base  girders  forming  the  ends  of  the 
bridge,  are  castings  containing  movable  wedges  having  one  and  a  half 
inches  vertical  play  ;  they  are  beveled  to  fit  bed  castings  attached  to 
piers  so  that  when  they  are  driven  to  a  bearing,  horizontal  displacement 
becomes  impossible.  The  free  ends  of  the  track  are  lifted  sijnulta- 
neously  with  the  wedge  movement. 

The  bridge  may  be  operated  either  by  steam  or  by  hand,  as  desired. 
A  double  cylinder  engine  drives  a  vertical  shaft  to  which  are  attached 
two  friction  clutches.  By  throwing  the  upper  one  into  gear  a  horizontal 
line  of  shafting  is  made  to  actuate  the  wedges  and  rail  lifters.  By  shift- 
ing to  the  lower  friction,  motion  is  communicated  to  a  driving  pinion 
working  into  east  toothed  segments  which  are  bolted  to  the  masonry 
through  the  track. 

A  vertical  shaft,  for  working  by  hand,  is  placed  between  the  rails  ;  it 
communicates  with  the  wedge  gear  by  a  chain  wheel,  and  with  the 
driving  pinion  by  a  small  intermediate. 

The  time  required  to  withdraw  the  wedges  and  swing  the  bridge  does 
not  exceed  two  minutes. 

This  structure  was  erected  in  place  of  an  old  w^ooden  bridge,  during 
the  winter  of  1876-77,  and  the  traflSc  of  the  railroad  was  not  seriously  in- 
terrupted during  the  j^rogress  of  the  work. 

Oak  Okchaed  Viaduct. 

A  single  track  wrought  iron  striictiire  on  the  line  of  the  Eome,  Water- 
town  and  Ogdeusburg  Railroad,  near  Rochester,  New  York. 

General  Dimensions. 

Total  length  between  abutments 090  feet. 

Twenty-three  spans,   each 30     " 

Height  of  trusses 9     " 

Width  of  bridge,  centre  to  centre  of  chords. ...  10     " 

Heiarht  of  rail  above  the  water 80     " 
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Weights  adopted  for  C<dculatlon. 

Dead  load  i^er  lineal  foot 500  ijoiinds. 

Rolling    load    consolidation    engine   in   a 
length  of  50  feet 150  000 

Weight  of  Iron  in  the  Structure. 

One  span  of  30  feet 7  000  loounds. 

One  bent  75  feet  liigli 12  000       " 

Total  weiglit  in  the  entire  viadnct 365  000        ' ' 

In  general  type  it  resembles  similar  strnctnres  in  other  parts  of  the 
country,  and  is  an  economical  distribution  of  material  for  crossing 
ravines.  The  principal  bents  are  75  feet  in  height  from  masonry  to 
base  of  rail ;  they  are  framed  in  two  lengths  and  spliced  on  the  ground 
by  riveting  cover  plates  through  the  flanges  of  the  channels.  All  the 
connections  at  these  splices  are  of  "ni'oiight  ii'on.  The  main  posts  are 
made  up  of  two  10-incli  channels  latticed  at  each  flange  and  entirely 
open  and  accessible  to  painting  and  inspection.  Base  castings  ai'e 
anchored  to  the  masonry  to  obviate  the  necessity  of  a  horizontal  strut  at 
the  foot  of  the  bents.  The  30-feet  sj)ans  consist  of  plate  girders  20 
inches  deep  trussed  by  a  centre  post,  and  eye-bars.  The  tension  trans- 
mitted through  these  bars  is  applied  to  the  web  of  the  girder  at  a  point 
below  the  centre,  with  a  view  ""of  counteracting  the  bending  effect  pro- 
duced by  the  driving  wheels  of  a  locomotive  on  a  half  sjaan.  Changes 
due  to  temperature  are  provided  for  by  firmly  bracing  each  alternate  pair 
of  bents  and  connecting  the  30-feet  span  between  them  with  the  caps 
of  the  posts,  thus  forming  a  horizontal  strut  and  constituting  with  the 
two  bents  a  rigid  pier  entirely  independent  of  the  rest  of  the  structure. 
The  30-feet  spans  between  each  of  these  piers  are  attached  to  post  caps 
by  bolts  passing  through  slotted  holes,  allowing  f  inch  play. 

The  time  expended  in  the  erection  of  the  structure  was  three  weeks. 
The  iron  was  delivered  at  the  bottom  of  the  ravine  and  lifted  into  place 
by  means  of  a  movable  projecting  derrick. 

EocK^^IiLE  Bkidge. 
A  double  track  wrought  iron  structure  crossing  the  Susquehanna  River 
five  miles  above  Harrisburg,  Pa. ,  on  the  line  of  the  Pennsylvania  Railroad. 

General  Dimensions. 

Total  length  between  abutments 3  675  ft. 

21  spans 156  ft.  6j" 

2  spans 151  ft.  Of 

Height  of  trusses  centre  to  centre  of  chords 19  ft.  7" 

Number  of  trusses  per  sjjan 3. 

t  Width  of  bridge  centre  to  centre  of  outer  trusses  22  ft. 

Height  of  rail  above  the  water 45  ft. 

Angle  of  skew 6S«* 
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Weights  adopted  for  Calculation. 

Dead  load  per  lineal  foot 2  750  lbs. 

Eolling  load  per  lineal  foot 6  000    " 

In  the  determination  of  maximum  strain  in  the  upper  chords,  it  was 
assumed  that  the  bending  effect  due  to  excess  of  locomotive  weight  was 
added  to  the  direct  compression. 

Weight  of  iron  used  in  the  structure. 

For  one  span  of  156  feet  ej  inches. 

Upper  chords 100  790  pounds. 

Lower  chords 57  930  " 

Vertical  end  posts 8  770  " 

Inclined  posts 45  290  " 

Counter  braced  diagonals 12  670  ' ' 

Diagonal  tension  bars 15  670  " 

Sub-posts 8  030 

Pins  and  nuts 6  750  ' ' 

Lateral  struts 15  030  " 

Lateral  rods 7  000  ' ' 

Lateral  bolts  and  nuts 1  850  " 

Wind  bracing 5  400  " 

Shoes  at  feet  of  end  posts 2  450  " 

Bed  plates 1  200  " 

Expansion  rollers 670  " 

Total  iron  in  one  span 289  500 

Total  iron  in  the  bridge 6  670  000       " 

There  are  three  trusses  in  each  span,  with  the  tracks  so  disposed  upon 
them  as  to  bring  an  equal  distribution  of  load  upon  each. 

The  top  chords  are  of  12  inch  channels,  with  thickening  plates,  covers 
ujjon  the  top  and  the  lower  side  latticed.  The  web  consists  of  a  double 
system  of  main  post  and  tension  bars,  inclined  at  an  angle  of  45  degrees, 
and  connected  at  their  intersection  midway  between  the  chords,  by 
pins.  At  their  intersection  with  the  chords  they  are  also  connected  by 
pins,  dividing  the  spans  into  eight  main  jsanels  of  19  feet  6  inches  each. 
From  the  middle  intersection  of  the  web  members  a  vertical  sub-post 
extends  to  the  under  side  of  the  upper  chord,  forming  a  support  for  that 
member  half  way  between  the  main  panel  points.  The  chord  splice 
occurs  at  this  point,  and  at  each  splice  the  ends  abut  squarely,  and  cover 
plates  are  riveted  on  to  insure  a  continuous  member.  The  braces  are 
built  of  channels,  latticed  on  two  sides,  forming  a  rectangular  section, 
accessible  to  inspection  on  all  sides  ;  the  ends  are  reinforced,  and  they 
are  bored  for  upjjer,  middle  and  lower  pin  connections.  Where  tension 
only  occurs,   eye-bars  are  used,  instead  of  latticed  channels.     Bottom 
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chords  are  made  of  eye-bars,  in  panel  lengths  of  19  feet  6  inches,  disposed 
both  inside  and  without  the  jaws  of  the  braces,  so  as  to  insure  a  uniform 
distribution  of  strain  upon  each  eye-bar  in  a  panel. 

Lateral  strtits  and  rods  are  attached  directly  to  the  pins  by  U-shaped 
nuts,  and  a  vertical  bolt,  no  cast  iron  being  used. 

The  rails  are  laid  upon  cross  timbers,  of  oak,  7x14  inches,  spaced  21 
inches,  centre  to  centre,  and  resting  directly  upon  the  top  chords,  which 
were  proportioned  to  resist  this  extra  bending  strain. 

This  structure  was  built  to  replace  a  wooden  bridge  constructed  upon 
the  general  type  known  as  the  Howe  Truss.  The  terms  of  the  con- 
tract required  that  the  new  bridge  should  be  erected  without  interfer- 
ing with  the  traffic  of  the  railroad,  or  in  any  way  endangering  the 
stability  of  the  old  structure  until  the  trains  were  transfered  to  the 
new  ;  after  that,  tlie  old  material  was  to  be  taken  apart  and  placed 
upon  trains  for  removal.  On  the  24th  of  May,  1877,  the  Delaware 
Bridge  Company  signed  a  contract  with  the  Pennsylvania  Raih-oad  Com- 
pany, for  furnishing  the  material,  and  the  completion  of  the  structure 
by  the  1st  of  December  of  the  same  year.  On  the  11th  of  August  the 
first  span  was  in  i)lace  ;  and  on  the  18th  of  November  following,  the  last 
span  was  completed,  and  regular  traffic  began  over  the  entire  length  of 
the  new  bridge.  The  erection  began  at  the  middle  of  the  bridge,  and 
was  continued  simultaneously,  Avith  but  few  delays,  to  the  two  extre- 
mities. Two  movable  derricks  served  to  place  the  iron  in  position,  and 
afterwards  to  take  down  and  load  the  old  material.  During  the  progress 
of  the  work,  the  average  niimber  of  trains  passing  over  the  bridge  per 
day  was  sixty-four,  and  no  iuteruption  of  traffic  occurred, 


11.  Braiinnri  of  the  Illinois  and  St.  Louis  Bridge.     James  B.  Eads,  Chief 
Engineer. 

The  supporting  members  of  the  superstructure  consist  of  twenty-four 
steel  arches,  eight  in  each  span.  Each  arch  is  composed  of  a  large  num- 
ber of  straight  tubes,  with  slightly  beveled  ends,  and  to  the  casual  ob- 
server appears  to  be  a  continuous  curved  tube.  The  arches  are  arranged 
in  four  ribs,  each  rib  consisting  of  an  upper  and  lower  member  connected 
by  a  system  of  wrought  iron  diagonal  bracing.  The  axes  of  the  upper 
and  lower  members  form  jiarallel  cui'ves  twelve  feet  apart.  Each  span 
has  four  ribs.  The  whole  number  of  tubes  is  1  036.  A  tube  is  about 
twelve  feet  long,  and  comprises  a  steel  envelope  J  inch  thick,  and 
6  rolled  steel  staves,  varying  in  thickness  from  2^  inches  at  the  springing 
to  1-1%  inches  at  the  crown.  The  exterior  diameter  is  always  18  inches. 
Steel  or  wrought  iron  sleeve  couplings  firmly  unite  the  tubes  by  means 
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of  parallel  grooves  turned  on  the  ends  of  the  staves.  Steel  pins  thi-ough 
the  couplings  and  staves  receive  the  ends  of  the  main  brace  bars.  Each 
main  brace  consists  of  two  heavy  rolled  iron  bars,  about  two  feet  apart, 
with  X  bars  and  lattice  bracing  between.  The  two  lowest  tubes  of  each 
member  are  screwed  into  heavy  wrought  iron  skewbacks  which  rest  on 
cast  iron  bed  plates,  and  by  long  steel  or  iron  bolts  are  anchored  to 
the  masoniy.  All  these  bolts  are  5|  inches  in  diameter,  and  from  22  to 
36  feet  in  length.  In  the  channel  piers  the  bolts  jjass  through  the 
masonry  and  unite  the  two  skewbacks.  About  2  200  tons  of  steel  and 
3  400  tons  of  iron  are  used  in  the  whole  bridge. 

The  length  of  the  West  span  is  504.07  feet,  of  the  East  span  504.84 
feet,  and  the  centre  span  522.39  feet,  measured  on  a  line  through  the 
centers  of  the  lower  skewback  i^ins. 

The  roadways  of  the  bridge  are  carried  by  vertical  struts  made  of 
braced  iron  channel  bars  resting  directly  upon  both  ends  of  the  steel  pins 
already  mentioned.     The  upper  roadway  is  54  feet  wide. 

The  bracing  between  adjacent  ribs  consists  of  tubular  iron  struts 
screwed  to  the  ends  of  the  steel  pins,  and  diagonal  steel  tension  rods. 
The  diagonals  are  in  horizontal  and  vertical  systems.  The  vertical  sys- 
tem serves  to  distribute  live  loads  from  rib  to  rib,  and  renders  it  iJossible 
by  screwing  ujj  the  ties  to  throw  the  entire  weight  of  one  rib  upon  the 
others,  and  take  the  rib  to  pieces ;  a  tube  injured  during  erection  Avas 
taken  out  after  the  entire  span  had  been  comjjleted,  and  a  new  tube 
was  inserted.  Eacli  pair  of  ribs  supports  a  railroad  track.  To  increase 
the  lateral  stability  a  horizontal  Avind  truss  the  full  width  of  the  bridge 
extends  across  each  span  immediately  below  the  upi^er  roadway.  It  is  a 
lattice  girder  made  wholly  of  iron.  The  chords  of  each  truss  are  united  at 
the  piers  and  rest  upon  the  channeled  surface  of  a  cast  iron  block  which 
is  fixed  in  position  by  large  wrought  iron  bolts  running  to  the  right  and 
left  and  deep  into  the  solid  masonry. 

All  the  anchor  bolts  and  sleeve  couplings  were  tested  ;  the  steel  bolts 
to  40  000  lbs.  per  square  inch,  the  iron  ones  to  18  000  lbs.  per  square 
inch.  A  large  proportion  of  the  staves  were  subjected  to  an  actual  com- 
pression of  from  50  000  to  60  000  lbs.  per  square  inch.  Specimen  bars 
of  all  the  material  used  were  tested  in  great  numbers  and  records  kept. 
Over  thirty  model  steel  tiibes  and  hundreds  of  steel  cylinders  from 
American  and  European  manufacturers  were  tested  in  the  investigations. 
The  public  test  of  the  bridge  consisted  in  placing  fourteen  locomotives 
simultaneously  upon  the  tracks  of  a  single  span. 

The  arches  were  erected  by  building  the  ribs  out  from  the  skew  backs, 
partly  self  supported,  but  mainly  held  by  iron  cables  passing  over  towers 
built  on  the  tops  of  the  piers.  All  the  adjustments  were  made  with  the 
greatest  accuracy,  and  the  arches  were  all  closed  in  the  centers  of  the 
spans  by  the  use  of  "  extension"  tubes  capable  of  being  lengthened  or 
shortened  by  means  of  solid  wrought  iron  cylinders  filling  the  interior  of 
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tubes  and  furnished  with  right  and  left  handed  screws.  The  contract  of 
making  and  erecting  the  superstructure  was  taken  by  the  Keystone  Bridge 
Company  of  Pittsburg,  Pennsylvania.  Great  difficulty  was  experienced 
in  obtaining  steel  and  iron  of  the  required  shape  and  strength,  but  in 
spite  of  every  unforseen  trouble,  every  part  of  the  plan  was  faithfully 
executed. 

In  giving  to  the  Chief  Engineer,  Capt.  James  B.  Eads,  the  pre-emi- 
nent jjlace  as  the  designer  and  controlling  s^jirit  of  the  enterprise,  we 
must  not  fail  to  mention  the  eminent  services  of  his  assistants.  Col. 
Henry  Flad  and  Mr.  Charles  Pfeifer. 

The  bridge  Avas  publicly  opened  on  July  4,  1874.  The  cost  of  the 
bridge,  including  a  large  amount  of  interest  and  commission  accounts, 
was  not  far  from  §10  000  000. 

A  full  account  of  the  Illinois  and  St.  Louis  bridge,  by  Professor  0. 
M.  Woodward,  of  St.  Louis,  is  nearly  ready  for  the  press,  from  which 
the  above  account,  as  well  as  that  of  the  foundations,  has  been  taken. 
The  w'ork  has  been  undertaken  at  the  request  of  Capt.  Eads,  and  all 
questions  of  fact  will  be  endorsed  by  him.  The  history  of  the  bridge 
will  include  the  organization  of  the  company,  descrij)tion  of  the  work 
at  all  stages,  difficulties  met,  preliminary  tests,  and  tests  of  working 
j)ieces,  j)rocess  of  erection,  theory  of  the  arch,  and  the  'calculations.  It 
will  be  illustrated  by  fifty  or  sixty  large  i^lates  and  numerous  small  cuts. 


12.    Photographs   of   Girard  Avenue  Bridge,    Philadelphia,   designed  hy 
CijARke,  Reeves  &  Co. 

(See  Plate  XLIII.) 

There  are  seven  lines  of  trusses  or  girders  placed  side  by  side  16  feet 
apart,  and  united  by  horizontal  and  vertical  bracing. 

These  trusses  are  of  the  double  Pratt  system.  The  upper  compres- 
sive members  and  the  vertical  posts  are  Phojnis  flanged  columns,  united 
by  cast-iron  joint  boxes.  The  lower  chords  and  diagonals  are  weldless 
eye-bars,  die  forged  by 'hydraulic  jaressure.  Upon  the  toj)  of  the  posts, 
12  feet  aj)art,  are  laid  heavy  15-inch  rolled  beams,  and  upon  these  longi- 
tudinally, 9-inch  beams  placed  2  feet  8  inches  apart  ;  these  are  covered 
transversely  with  rolled  corrugated  j)lates  \  inch  thick,  corrugated  1^  inch 
high  by  5  inches  wide  ;  these  form  an  unbroken  iron  jjlatform  upon 
which  the  asphalte  concrete  is  placed. 

The  dead  load  of  the  structure  with  a  moving  load  of  100  poixnds  per 
square  foot  makes  a  total  load  of  30  000  pounds  per  lineal  foot,  carried 
by  seven  trusses. 

The  limit  of  strain  is  10  000  pounds  per  square  inch,  rediiced  to  6  OOO 
pounds  per  square  inch  as  the  compressive  limit  on  parts.  All  jjoints  of 
contact  are  either  planed  or  turned.     The  pins  are  of  cold-rolled  iron. 
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tand  the  limit  of  error  between  j^in  and  hole  is  one  sixty-fourth  of  an 
inch. 

The  iron  used  in  this  bridge  is  double  refined,  capable  of  bearing  the 
following  tests  :  ultimate  strength,  55  000  pounds  to  60  000  pounds  per 
square  inch  ;  no  permanent  set  under  27  000  pounds  to  30  000  pounds  per 
square  inch  ;  average  reduction  of  area  at  point  of  fracture  25  per  cent. 
The  elongation  of  a  12-inch  bar  is  15  i^er  cent.,  and  the  cold  bend  of 
a  li-inch  round  bar  before  cracking,  180-,  or  hammered  flat. 

The  floor  is  made  of  corrugated  iron  plates  covered  by  4  inches  to  5 
inches  of  asphalt,  making  a  water-tight  surface.  The  100  feet  of  width 
is  divided  into  67^  feet  of  carriage  way,  and  two  16^^  feet  sidewalks. 
The  roadway  is  paved  with  granite  blocks  in  the  usual  manner,  except 
that  it  is  divided  into  seven  ways  by  two  lines  of  iron  trackways  next  the 
sidewalks  for  horse  cars,  and  five  lines  of  carriage  tramways,  made  of  ciit 
granite  blocks  1  foot  wide,  laid  to  a  5-feet  guage.  The  gutters  and  curb- 
stones are  of  fine  cut  granite.  The  sidewalks  are  covered  for  10  feet  of 
their  width  with  black  Lehigh  County  slate  tiles,  2  feet  square,  laid 
diagonally.  On  each  side  of  the  tiles  are  sjiaces  2  feet  wide,  which  were 
originally  laid  with  encaustic  tiles.  After  one  winter's  frost,  these  tiles 
became  so  miich  shattered  that  they  were  removed  and  white  marble  tiles 
substituted  in  their  jslace.  The  curb-stone,  18  inches  wide,  makes  up 
the  remainder  of  the  IG?,  feet. 

The  sidewalks  are  separated  from  the  roadway  by  railings  of  galvan- 
ized iron  tubes  with  bronze  ornaments,  and  are  supported  by  cast-iron 
standards  at  every  6  feet.  Every  eighth  standard  is  prolonged  into  a 
lamji-post.  There  are  eight  refuge  bays,  each  of  which  contains  a  clus- 
ter of  six  lamps,  the  supporting  shaft  rising  throiigh  an  octagonal  seat, 
which  forms  its  base.  The  outer  balustrade  and  cornice  is  of  cast-iron 
with  bronze  oj)en  work  panels,  and  treated  in  a  highly  ornamental  manner. 

The  construction  of  the  permanent  new  In-idge  began  May  11th, 
1873,  and  July  4th,  1874  it  was  formally  ojaened  for  public  travel. 


13.  Photographs  of  Ice  in  Delaware  River,  shoicing  piers  of  bridges  with 
superstructure  gone,  near  Port  Jervis,  and  of  new  iron  bridge  erected  at 
same  poiyd.     George  S.  Morison,  Engineer. 

The  bridge  was  destroyed  at  7.40  a.  m.,  March  17,  1875.  It  was  a 
double  track  iron  bridge  of  five  spans,  one  through  span  over  the  Delaware 
and  Hudson  Canal,  and  four  deck  spans  over  the  Delaware  River. 
The  span  over  the  canal  Avas  undisturbed.  The  ice  lifted  the  four 
river  spans  from  the  piers,  le9,ving  the  masonry  uninjured.  The  East 
span  settled  down  on  the  ice,  remaining  within  a  few  feet  of  its  proper 
position  ;  the  other  three  were  carried  down  the  river  on  the  floating  ice 
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and  left  at  various  i)oints  from  four  to  twelve  miles  below.  The  West 
span  was  160  feet  long  in  the  clear,  the  others  each  150  feet,  the  rail  be- 
ing about  50  feet  above  the  ordinary  stage  of  water. 

The  work  of  reconstruction  was  begun  at  once,  and  a  temporary 
bridge  consisting  of  two  spans  of  trestle  and  two  of  Howe  truss  was  ready 
for  use  on  Saturday,  March  27th.  The  plan  for  a  new  permanent  struc- 
ture was  determined  on  and  proposals  received,  on  the  day  of  the  dis- 
aster, and  a  contract  was  made  with  the  Watson  Manufacturing  Company 
of  Paterson,  N.  J.,  to  build  the  new  bridge  by  the  pound.  The  plans 
were  virtually  completed  and  the  bills  of  material  were  on  the  way  to  th& 
rolling  mills  on  the  18th. 

The  first  span,  166  feet  over  all,  was  entirely  shipped  on  Saturday, 
April  3tl,  and  swung  Wednesday,  April  7th. 

The  second  span,  156  feet  over  all,  was  swung  Monday,  April  12th, 

The  third  span  was  swung  Saturday,  April  17th. 

The  fourth  span  was  swung  Monday,  April  19th. 

The  permanent  floor  could  not  be  put  on  till  Sunday,  April  25th,  and 
on  the  following  day  the  double  track  was  completed,  precisely  40  days 
after  the  destruction  of  the  old  bridge,  the  new  iron  bridge  having  been 
manufactured  in  30  days,  and  erected  in  32  days  from  the  date  of  the 
contract. 

The  long  span  weighs  304  422  pounds,  and  the  others  averaged 
265  641  pounds,  making  a  total  of  1 101  345  pounds,  besides  cast  iron  bed 
plates. 


14.  Photograph  of  Iron  Railroad  Bridge  over  the  Ohio  River,  at  Louisville, 
Ky.  Albert  Fink,  Chief  Engineer.  F.  W.  Vaughan,  Assistant 
Engineer. 

(See  Plate  XLIV.) 
This  bridge  crosses  the  Ohio  River  at  Louisville,  connecting  the 
States  of  Kentucky  and  Indiana.  Its  total  length  is  5  294  feet,  consist- 
ing of  twenty-seven  spans,  of  various  lengths  from  50  to  250  feet,  on  the 
Fink  plan,  placed  below  the  grade  of  the  road,  and  2  channel  spans,  one 
370,  the  other  400  feet  long,  placed  above  the  grade  of  the  road.  This 
bridge  was  commenced  in  the  fall  of  1867,  and  completed  in  the  spring 
of  1870.  The  channel  spans  are  of  a  peculiar  design,  a  modification  of 
the  triangular  plan  of  bracing — by  introducing  auxiliary  trusses  betAveen 
the  main  braces.  The  feet  of  the  main  braces  are  56  feet  7i  inches  ajiart, 
and  by  the  auxiliary  trusses  this  space  is  divided  into  four  parts,  giving 
a  support  to  the  stringers  upon  which  the  track  rests  every  14  feet  1 J 
inches.  The  height  of  the  truss  is  46  feet.  Each  side  of  the  bridge  con- 
sists of  two  separate  trusses,  which  are  simj)ly  bolted  together.  The 
chords  are  of  cast  iron,  the  braces  having  to  resist  compression  of 
wrought  iron,  and  the  tension  members  also  of  wrought  iron. 
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The  following  is  a  statement  of  the  quantity  of  iron  in  some  of  the 
principal  spans  : 

Cast  iron.              Wrought  iron.  Total. 

400  feet  span.              570  585  lbs.               834  880  lbs.  1  405  465  lbs. 

370     "       "                  480  953    "                 640  095    "  1  121  048 

245^  "       "                  216  119    "                 215  803    "  431  922 

180     "       "                  123  308    "                  91  259    "  214  667 

150     '•       "                  101453    "                   70  224   '«  171677 

100     "       "                    58  725    "                   29  183    "  87  908 

50     "       "                      7  557    "                   15  801    "  23  358 


15.  Detail  Dravnng  of  the  Rock  Island  Draw-Bridge.     Designed  and  built 
by  C.  Shalek  Smith,  C.  E. 

The  Kock  Island  Bridge  crosses  the  Mississippi  Eiver,  connecting  the 
cities  of  Davenport,  Iowa,  and  Bock  Island,  Illinois.  It  was  built  for  the 
United  States  Government  in  1871,  and  accommodates  the  highway  travel 
on  the  lower  floor,  and  the  railway  service  on  the  middle  deck.  The  jiivot 
si^an  is  368  feet  in  length  ;  weighs,  above  the  rollers,  1 505  000  pounds,  and 
has  two  floors,  respectively  37  and  23  feet  wide.  This  great  wind  sur- 
face, combined  Avith  the  weight  (the  entire  rotating  mass  weighs  1  564  000 
l^ounds),  and  the  fact  that  one  end  of  the  span  is  under  the  lee  of  the 
United  States  De^iot  Arsenal,  and  that  the  bridge  is  exposed  to  heavy 
wind  storms,  which,  when  blowing  from  the  North-east,  East  or  South- 
east, act  on  only  one  end  of  the  span,  made  the  designing  of  a  suitable 
turn-table  a  matter  of  the  utmost  importance.  The  plan  decided  ux)on  was 
that  shown  in  the  drawing  here  described.  A  cast-iron  circular  girder, 
30  feet  in  diameter,  5  feet  in  depth,  web  2  inches  thick,  and  flanges  15 
inches  wide,  rests  upon  a  live  ring  composed  of  34  wheels,  each  30  inches 
in  diameter  and  14  inches  face.  The  traveling  weight  borne  by  each  of 
these  wheels  is  44  250  jiounds.  To  secure  perfection  of  action,  a  revolving 
frame,  the  full  size  of  the  circular  girder,  was  first  constructed  at  the 
machine  shop  where  the  turn-table  was  built,  and  on  this  the  girder  and 
wheel  track  were  planed  to  an  exact  level.  The  wlieels  were  all  turned 
to  a  gauge,  and  the  entire  table  fitted  together  on  the  revolving  frame, 
so  as  to  test  the  fitting  of  every  j^art. 

The  span  is  rotated  by  two  hydraulic  rams,  each  of  10  feet  stroke 
and  5  inches  diameter  of  piston.  These  are  placed  over  the  cir- 
cular girder,  one  on  each  side  of  the  span,  in  a  vertical  position, 
and  are  worked  by  a  double  cylinder  engine,  each  cylinder  being  6x8 
inches.  The  force  i:)umps  are  four  in  number,  each  with  Ij  inch 
piston.  The  rams  are  reciprocal,  each  being  the  reservoir  for  the  other, 
and  the  office  of  the  pump  is  to  transfer  the  liquid  from  one  ram  to  the 
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otlier.  Both  rams  are  thns  under  tlie  same  j)ressure  at  all  times,  and 
hold  the  span  in  equilibrium,  except  while  the  j)nmps  are  shifting  the 
fluid  from  right  to  left,  or  vice  versa.  Owing  to  the  very  low  tempera- 
ture at  which  the  span  is  often  required  to  be  moved,  a  non-freezing 
liquid  was  necessary  in  order  to  operate  the  rams.  A  mixture  of  glyce- 
rine and  water — fifty  per  cent,  of  each — was  found  to  be  the  best  for  this 
purpose.  The  power  of  the  rams  is  transferred  to  the  i^ier  by  means  of  a 
wire  rope.  1^  inches  diameter,  arranged  as  in  an  Armstrong  crane.  The 
frictional  resistance  to  rotation  at  the  centre  of  the  live  ring  wheels  is 
7  10  0  pounds  per  1  000  pounds  of  superincumbent  weight. 

The  pivot  span  supported  by  this  turn-table  is  peculiar  in  that  it  is 
proportioned  without  dead  weight  reactions  under  the  end  supports,  that 
the  top  chord  is  composed  entirely  of  eye-bars,  that  every  panel  point  in 
both  chords  is  hinged  vertically,  and  that  all  lateral  connections  are 
hinged  horizontally. 


16.  Detail  Drawing  and  Photographs  showing  method  of  erection  of  the 
Kentucky  River  Bridge,  Cincinyiati  Southern  Railroad.  Designed  and 
built  hy  C.  ShaxiEK  Smith,  0.  E.     (See  Plate  XLV.) 

This  bridge  crosses  the  cafion  of  the  Kentucky  river,  112  miles  South 
of  Cincinnati,  at  an  elevation  of  275  feet  above  the  low  water  level  of  the 
river.  The  six  photograx)hic  views  show  the  mode  of  erection  of  the 
structure  at  its  various  stages,  and  the  drawings  appended  portray  the 
typical  parts  of  the  truss  and  piers.  The  peculiarities  of  the  truss  are  as 
follows  :  The  middle  portion  is  a  continuous  girder  525  feet  long,  sup- 
ported by  i^iers  placed  375  feet  apart,  and  supi^orting  two  discontinuous 
spans,  each  300  feet  in  length,  at  the  ends  of  projecting  cantilevers  ex- 
tending 75  feet  from  each  pier.  The  ujjper  and  lower  chords  are  riveted 
throughout,  excejat  at  the  cantilever  points  where  the  upper  chord  is 
hinged  and  the  lower  chord  fitted  with  sliding  tenons,  so  that  motion 
from  load  or  thermal  changes  may  be  uninterrupted.  All  connections  of 
the  web  members  to  the  chords  are  hinged.  The  piers  are  composed  of 
four  legs  each,  and  are  given  a  base  sufficient  to  prevent  tension  on  the 
leeward  legs  under  any  condition  of  load  or  violence  of  wind.  For  con- 
venience during  erection,  and  to  accommodate  thermal  changes,  each 
pier  pedestal  is  placed  on  a  double  set  of  friction  rollers,  so  as  to  admit 
of  motion  in  any  horizontal  direction.  The  connection  between  span  and 
pier  consists  of  a  pin  12"  in  diameter,  thus  making  a  fixed  joint  and  per- 
mitting a  rocking  motion  only.  The  piers  were  placed  375  feet  apart 
when  the  thermometer  was  at  60°,  and  are  perfectly  vertical  only  at  this 
temj)erature.  The  additional  strains  caused  by  the  expansion  of  the  truss 
and  momentum  of  a  train  weighing  1 100  tons  and  supposed  to  be  brought 
to  a  rest  on  the  bridge  after  entering  it  at  30  miles  per  hour,  have  been 
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computed,  and  the  necessary  extra  material  added  to  tlie  legs  and  braces 
to  resist  them.  At  the  hinging  points  both  web  systems  are  united  in 
one,  in  order  to  avoid  any  ambiguity  of  strains  ;  and  to  render  this  more 
exact,  the  union  is  effected  by  means  of  a  hinged  link  placed  at  the  angle 
of  the  resultant  between  the  tie  bars  of  both  systems.  The  action  of 
spans,  piers,  and  hinges,  under  loads  and  during  changes  of  temperature, 
leaves  nothing  to  be  desired,  and  the  novelties  in  construction  and  mode 
of  erection  ]3roved  to  be  practical  successes. 


17. — Drawings  and  Details  of  Street  Bridge  over  the  Pennsylvania  Rail- 
road at  Forty-first  street,  Philadelphia,  Penn.  Wilson  Bkos.  &  Co. , 
Engineers.     (See  Plate  XL VI.) 

The  suiDerstructure  of  this  bridge  is  constructed  on  a  stiffened  trian- 
gular truss  system,  entirely  of  wrought  iron.  It  has  two  trtisses  with 
outside  sidewalks,  and  an  ornamental  finish  at  the  entrances  of  cast  and 
galvanized  iron  fastened  to  the  wrought  iron  framework.  The  floor 
beams  are  of  wi'ought  iron,  suspended  built  beams,  placed  across  from 
truss  to  truss  at  the  panel  points.  Upon  these  rest  longitudinal  floor 
joists  of  white  pine.  The  roadway  and  sidewalks  are  of  double  thick- 
nesses, the  sub-flooring  for  each  being  of  two-inch  white  j^ine,  the  top 
flooring  for  the  roadway  of  three-inch  white  oak.  and  that  for  the  side- 
walks of  one  and  a  half  inch  yellow  pine,  tongued  and  grooved  and 
dressed  on  the  upper  surface.  The  upper  chords  of  the  trusses  and  the 
vertical  posts  are  formed  of  rolled  plates  and  angles,  and  the  lower  chords 
and  inclined  ties  of  link  bars,  with  \yvix  connections  throughout. 

The  principal  dimensions  are  as  follows  : 

Span,  centre  to  centre  of  end  lower  chord  pins 213  ft.  4  inches. 

Height  of  truss,  centre  to  centre  of  chord  pins 21  "4       " 

Number  of  main  panels,  ten. 
Number  of  sub-panels,  twenty. 

Distance  between  trusses,  centre  to  centre 40  "  0 

Distance  centre  of  truss  to  centre  of  handrailing 10  "  0 

Entire  width  of  bridge,  centre  to  centre  of  handrailing . .   GO  "0 

Clear  sj)an  between  masonry  on  the  square 185  "  9  3": 

Clear  span  between  masonry  on  the  askew 209  "  3 

Angle  of  askew 62°  35'  47" 


18.  Detail  Drawing  of  520 feet  iron  truss  of  Cincinnati  Southern  Railway 
Bridge  over  Ohio  River  at  Cincinnati.  Built  by  Keystone  Bridge  Co., 
J.  H.  LiN\TLLE,  C.  E.,  President.     (See  Plate  XL VII.) 

The  portion  of  this  bridge  constructed  by  the  Keystone  Bridge  Com- 
pany, under  their  contract  dated  February  24th,   1875,  embraced  the 
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southern  abiitment  and  piers  numbers  1  to  6  inchisive,  and  tlie  super- 
structure for  the  following  si^ans,  viz.  : 

One  Deck  Span 110  feet. 

One  Pivot  Span 370     " 

One  Channel  Span 519     " 

Two  through  Spans 300     " 

Making  a  total  length  of  1 599  feet,  measured  from  centre  to  centre 
of  piers. 

The  general  data  are  as  follows  : 


Span  1. 


Length,  centre  to  centre,  piers 110' 

"  "  "        pins 108'   0|5" 

Deptb,  "  "        chords 15'  6' 

Width,  '•  "        trusses 10'   O' 

Weight  of  Iron lbs .         104  400 


Span  2.   Span  3. 


370'  519' 

365'  4"  515' 


36'  6' 
15'   6' 


51'  6   " 
20'  0" 


Span  4.    Span  5. 


300'  300' 
295'  1"^295'  4" 

37'  37' 

15'  10". 15'  10" 

657  400    657  400 


Total. 


1599' 


Masonry  for  Spans  1  to  5  inclusive 12  621  cubic  yds. 

Concrete 500      " 


The  contract  price  was  $663  570.00.  with  a  j^rovision  for  contingencies, 
which  increased  the  entire  cost  to  about  $700  000. 

The  designs  for  the  superstructure  were  submitted  by  J.  H.  LiNvrLLE, 
C.  E.,  President  of  the  Keystone  Bridge  Company,  and  embraced  his 
latest  improvements.  These  j^lans  were  slightly  modified  by  the  en- 
gineer of  the  railway  company,  the  work  being  constructed  under  his 
•supervision,  and  subject  to  his  approval. 

The  lower  chords  are  placed  at  an  elevation  of  43.25  feet  above  high 
-water  and  105.65  above  low  water. 

The  trusses  of  the  channel  span  are  trapezoidal,  consisting  of  20 
equal  subdivisions  or  panels,  with  vertical  intermediate  posts,  and 
inclined  end  posts,  the  tension  diagonals  reaching  two  panels,  and  being 
inclined  at  an  angle  of  45  degrees. 

The  lower  chords  have  rectangular  ends,  and  are  packed  closely 
together,  forming  a  flat  bearing  on  their  upper  surface  for  the  bases  of 
the  posts,  and  a  recessed  bearing  on  under  side  to  receive  the  suspended 
iioor  girders  and  resist  the  action  of  the  lower  lateral  ties. 

To  give  greater  width  of  truss,  twin  rectangular  posts  were  used^ 
stiffened  at  the  middle  of  the  height  by  longitudinal  struts  extending, 
between  posts,  from  end  to  end  of  the  trusses.  At  the  intersection  of 
these  struts  with  the  iiosts  transverse  struts  and  diagonal  ties  were  intro- 
duced to  serve  as  wind  bracing,  and  maintain  the  lateral  stability  of  the 
trusses. 
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Floor  girders  are  4  lines  of  stringers,  of  wrought  iron  built  beams, 
Tvliicli  support  the  long  wooden  ties  and  guards. 

The  bridge  is  designed  to  sustain,  in  addition  to  its  dead  weight,  the 
following  rolling  load,  at  a  speed  of  30  miles  per  hour,  viz. ,  two  loco- 
motives coupled,  each  weighing  36  tons,  on  drivers  in  space  of  12  feet, 
total  weight  of  engine  and  tender  loaded  66  tons,  in  space  of  50 
feet,  and  followed  by  loaded  cars,  weighing  20  tons,  in  22  feet.  An 
addition  of  10  to  30  per  cent,  is  added  to  the  strains  i^roduced  by 
the  rolling  load  (considered  as  static)  in  the  calculation  of  floor  beams, 
stringers,  suspension  links,  counter  rods,  and  all  other  parts  of  the 
bridge  liable  to  be  strained  suddenly  by  the  passage  of  a  rapidly  moving 
load. 

Wind  pressure  of  50  pounds  per  square  foot  is  provided  for. 

Tensile  strains  were  limited  to  10  000  pounds  per  square  inch  on  best 
double  refined  iron.  Sti'ain  of  compression  in  large  rectangular  chords 
to  8  000  pounds  per  square  inch.  And  on  posts  the  strains  were  limited 
to  6  000  pounds  per  square  inch, 

The  bridge  was  constructed  at  the  shoi^s  of  the  Keystone  Bridge 
Comjiany,  Pittsburgh,  and  erected  on  trestling  consisting  of  three  tiers 
of  lower  scaffolding  and  two  tiers  of  upper  falseworks.  It  required  the 
labor  of  60  men  24^  days  to  raise  the  iron  work  and  jsut  it  in  place  pre- 
paratory to  swinging  the  trusses  clear  of  the  scaffolding. 

All  the  iron  used  in  the  structure  was  tested  by  specimens.  Special 
forms  of  joints  were  tested  to  breaking  to  determine  their  proportions, 
and  all  lower  chords  and  suspension  bars  were  tested  to  20  000  pounds 
per  square  inch. 

The  channel  span  was  subjected  to  a  test  load  of  seven  locomotives 
coupled  and  four  flat  cars — weight,  966  000  pounds.  The  maximum  de- 
flection was  1^  inches. 

Model  of  Point  Bridge  across  the  Monongahela  River  at  Pittsburg, 
Pa.  Loaned  to  the  Society  by  the  American  Bridge  Coinpany . 
Point  Bridge  was  designed  by  Edward  Hemberle,  Engineer  of  the 
American  Bridge  Company.  It  consists  of  tower  and  chains,  with  plat- 
form suspended  therefrom  in  the  same  manner  as  in  a  regular  chain  sus- 
pension bridge.  To  this  is  added  a  stiffening  system  above  the  chains, 
and  rigid  posts  arranged  between  chains  and  platform  so  as  to  i^revent 
the  roadway  from  undulating  or  oscillating  independently  of  the  structure 
above.  The  stiffening  appliances  above  the  chains  consist  of  rigid 
chords  running  in  straight  lines  from  the  top  of  the  tower  toward  the 
center  of  the  chain,  and  connecting  thereto  by  a  hinged  joint  at  each 
end.  Between  these  chords  and  the  chains  there  is  a  system  of  bracing, 
composed  of  posts  and  diagonal  tie-rods,  all  connections  being  jjin- 
jointed.  The  chain,  being  a  catenary,  or  curve  of  equilibrium,  bears  all 
the  permanent  load  of  the  structure  without  straining  the  stiffening 
trusses.     This  object  was  accomplished  by  erecting  the  bridge  completely 
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before  connecting  the  ends  of  the  straight  top  chords  to  the  centre- 
joint.  The  rods  are  j)rovided  with  turn-buckles,  and  are  so  adjusted  a& 
to  be  strained  under  moving  loads  only. 

The  total  length  of  the  bridge  is  1  245  feet  from  back  to  back  of 
anchorages,  with  one  middle  span  of  800  feet  between  centres  of  piers, 
and  one  independent  trussed  side  span  of  145  feet  in  length  at  each  shore. 
The  roadway  rises  from  both  shores  toward  the  centre  of  the  channel, 
with  grades  not  exceeding  3i  feet  in  100 — the  highest  point  of  the  road- 
way being  83  feet  above  low  water.  The  saddles  upon  which  the  chains 
rest  on  top  of  the  towers  are  180  feet  above  low  water.  The  deflection 
of  the  chain  is  88  feet,  which  is  considerably  more  than  is  usual  foi- 
supeusiou  bridges,  but  the  stiffening  allows  of  increasing  the  deflection 
and  thereby  reducing  the  strains  in  the  chains  as  well  as  their  weight. 
The  bridge  is  34  feet  wide  from  centre  to  centre  of  outside  railings,  and 
this  space  is  divided  into  a  roadway  21  feet  wide  and  two  sidewalks  of 
6^  feet  each. 

Photograph   sihowing   iron    derricks    used    by  the  Passaic    Rolling    Mill 

Compani/,  of  Paterson,  New  Jersey,  in  the  erection  of  the  Neiu  York 

Elevated  Railroad. 

These  derricks  were  designed  by  Mr.  Watts  Cook,  President  of  the- 

company.     The  smaller  one  consists  of  two  trucks,  one  carrying  an  u'on 

hoisting  frame  and  the  second  a  hoisting  engine  ;  the  two   trucks  are 

coupled  together,  and  in  use  their  wheels  rest  on  the  girders  already 

placed  in  jDosition  ;  the  forward  arm  of  the  hoisting  frame  reaches  to  the 

centre  of  the  span  to  be  erected  while  the  rear  arm  is  anchored  down  ; 

with  this  derrick  a  gang  of  twelve  men  have  erected  210  tons  of  iron 

in   ten  hours.     The  larger  derrick  has  but  one  truck,  which  runs  on 

rollers  instead  of  wheels,  the  power  being  placed  at  the  centre  of  the 

frame,  which  is  108  feet  long  and  has  a  reach  of  50  feet. 


Large  crai/on  pers2?ective  drawing  of  the  East  River  Suspension  Bridge 
connecting  tlie  Cities  of  Neiv  York  and  Brooklyn.  Loaned  to  the 
Society  by  Mr.  William  Hildeebkand. 


Tliree  sections  of  ivire  suspension  bridge  cables,  being  full-sized  models  of 
the  cables  of  the  East  River,  Cincinnati  and  Niagara  Suspension 
Bridges.     Loaned  to  the  Society  by  John  A.  Roebltng's  Sons. 


Album   of  photographs  and  portfolio  of  drawings  of  bridges   built   and 
designed  by  Clarke,  Eeeves  k  Co.,  Phcenixville  Bridge  Works. 


Album  of  photographs  of  bridges  built  by  Keystone  Bridge  Company. 


Portfolio  of  photographs,  etc.,  of  bridges  desigiied  %  Wilson  Brothers 
&  Co.,  of  Philadelphia, 


HYDRAULICS. 


WATER   AS   APPLIED   TO    COMMEKCIAIi    INDUSTErES   AND   DOMESTIC   PURPOSES 
WITHIN   THE    UNITED   STATES. 

Among  the  earlier  immigrants  to  tliis  country  tliere  were  many  me- 
■clianics  and  artisans,  and  the  small  streams  in  tlie  neighborhood  of  set- 
tlements were  soon  utilized  for  the  purposes  of  grist  and  saw  mills,  to 
which  later  were  added  tanneries,  card  and  fulling  mills.  With  the  or- 
ganization of  the  States  under  one  general  government,  the  necessities  of 

means  of  communication  and  of  exchange  of  commodities,  called  atten- 

* 

tion  to  the  improvements  in  inland  navigation  adojited  in  other  countries, 
and  rivers  began  to  be  improved  by  the  construction  of  dams,  with  sup- 
plementary canals  around  dangerous  falls,  as  early  as  1792.  From  these 
small  beginnings,  other  canals  were  projected  and  carried  out  through 
the  Northern  and  Middle  States,  so  that  at  the  inception  of  raih'oads, 
say  in  1835,  there  were  in  the  United  States  over  3  500  miles  of  navigable 
canals,  aud  many  miles  of  slack  water  navigation.  With  the  introduc- 
tion and  spread  of  railways,  the  construction  of  canals  almost  entirely 
ceased,  and  many  already  in  operation  were  discontinued,  but  many  of 
the  important  ones  have  been  improved,  and  their  carrying  facilities  in- 
creased, and  at  this  time  the  tonnage  of  the  canals,  consisting  mostly  of 
.grain,  coal,  lumber,  and  heavy  materials,  is  an  important  factor  in  our 
internal  commerce.  The  Erie  Canal,  built  by  the  State  of  New  York,  to 
connect  the  waters  of  Lake  Erie  with  those  of  the  Hudson  River,  com- 
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pleted  in  1825,  did  mucli  to  develop  the  resources  of  the  State,  and  ta 
establish  the  City  of  Xew  York  as  the  largest  jjort  of  the  United  States. 
Its  enlargement  was  commenced  about  ISiO,  and  completed  in  1862.  Its 
present  dej^h  of  water  is  7  feet,  and  maximiim  capacity  of  boats  240  tons. 
Its  cost  to  187G  was  $49000  000,  and  the  tonnage  for  the  year  1877  was 
857  .305  563  tons,  carried  one  mile,  whilst  that  of  the  New  York  Central 
Eailroad,  during  same  year,  was  1  619  948  685  tons  one  mile.  The  length 
of  the  main  Erie  Canal  is  352  miles,  and  with  connections  and  feeders, 
907  miles  ;  movement  on  all  those  canals,  about  5  000  000  tons.  In  Penn- 
sylvania, the  canals  are  used  largely  for  the  transport  of  coal.  The  Le- 
high Coal  and  Navigation  Company  transported  by  their  canals,  in  1S76, 
about  1 000  000  tons  ;  the  Delaware  and  Hudson  Canal,  1  300  000  tons  ; 
the  Schuylkill  and  Susquehanna  about  the  same,  and  the  Pennsyl- 
vania Canals  about  900  000  tons.  The  Chesapeake  and  Ohio  canal  carries 
on  a  large  coal  trade  between  the  Cumberland  coal  region  and  Washing- 
ton and  Alexandria. 

The  Morris  Canal,  in  New  Jersey,  connecting  the  Delaware  River  with 
New  I'^ork  Harbor,  with  feeders  extending  into  the  coal  region,  still  con- 
tinues to  do  a  considerable  coal  trade.  On  this  canal  the  experiment  of 
inclined  jjlanes  was  first  tried  and  they  are  still  in  successful  use.  Along 
the  Eastern  coast,  by  the  connection  of  the  sloop  canal  of  Albemarle 
Sound  with  Chesapeake  Bay,  Chesapeake  Bay  with  Delaware  Bay,  and 
Delaware  Bay  with  the  Raritan  River,  there  is  inland  navigation  from 
Albemarle  Sound  to  New  York  City. 

In  Illinois,  the  Illinois  and  Michigan  Canal,  from  Chicago  to  La  Salle,, 
opens  the  navigation  between  the  Great  Lakes  and  the  Mississippi  River, 
and  carried  in  1873,  eight  million  bushels  of  grain,  and  50  million  feet 
of  lumber,  besides  large  freights  in  shingles  and  laths.  There  is  a 
short  canal  at  Saiilt  St.  Mary's,  connecting  the  navigation  of  Lake 
Superior  with  that  of  the  other  Great  Lakes. 

As  said  above,  at  a  very  early  date,  the  small  streams  in  the  neighbor- 
hood of  settlements,  were  utilized  for  saw  and  grist  mills  and  the  like, 
but  it  was  not  till  the  war  of  1812-15,  when  an  embargo  was  laid  upon 
our  commerce,  that  capital  began  to  be  used  largely  in  industrial  works, 
first  by  individuals  or  small  firms,  developing  the  old  water  powers,  for 
the  driving  of  cotton  and  woollen  mills  ;  thence  still  further  utilizing  the 
smaller  streams,  like  the  Charles,  the  Blackstone  and  the  Passaic.  But- 
Avith  the  increase  in  demand  for  goods,  and  profit  in  their  manufacture. 
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the  necessity  for  large  mills  was  recognized,  and  as  large  capital  was  not 
in  single  hands,  corporations  of  combined  capital  Avere  organized  to  de- 
velop large  water  powers  for  more  extensive  industries.  It  was  foixnd  in 
1821,  that  the  old  canal  of  the  Locks  and  Canals  on  the  Merrimack  could 
be  made  readily  available,  and  the  whole  water  of  the  Merrimack,  with  a 
fall  of  30  feet,  could  be  made  use  of,  and  this  power,  it  was  supposed,  would 
supply  an  almost  indefinite  demand.  The  Locks  and  Canal  Company 
became  the  owners  of  nearly  all  the  laud  in  the  neighborhood  of  the 
canal  within  the  limits  of  the  present  City  of  Lowell,  and  sold  land  with 
mill  powers,  a  mill  power  being  equivalent  to  25  cubic  feet  per  second  on 
a  30  foot  fall.  At  the  present  time  they  are  running  up  to  about  200 
mill  powers.  With  the  success  of  Lowell,  water  companies  on  the  same 
basis  were  organized  throughout  the  different  States,  water  powgr  and  land 
belonging  to  these  corporations  and  the  mills  to  others.  Manchester 
and  Lawrence  were  built  on  the  Merrimack  ;  Lewiston  on  the  Andros- 
coggin ;  Biddeford  on  the  Saco  ;  Bellows  Falls,  Turners  Falls,  Holyoke 
and  Windsor  Locks  on  the  Connecticut ;  Ansonia  on  the  Xaugatuck  ; 
Derby  on  the  Housatonic  ;  Cohoes  on  the  Mohawk  ;  Rochester  on  the 
Genessee  ;  Paterson  and  Dundee  on  the  Passaic  ;  Trenton  on  the  Dela- 
ware ;  Mauayunk  on  the  Schuylkill,  and  many  others. 

At  the  first  the  science  of  hydrauHcs  was  but  little  understood  and 
capital  not  abundant  ;  the  dams  were  mostly  of  timber,  and  the  canals 
of  but  Kttle  caj)acity.  Xow  most  of  the  dams  are  substantial  structures, 
and  canals  of  such  section  that  the  velocity  of  the  flow  is  often  less  than 
2  feet  per  second. 

The  earlier  water  wheels  were  almost  invariably  over-shot,  pitch-back, 
or  breast  wheels.  Many  were  of  large  dimensions,  and  weU  constructed, 
with  cast  iron  shafts.  The  percentage  of  useful  effect  was  sometimes 
as  high  as  80  per  cent. ,  but  the  average  was  considerably  below  70  per 
cent.  • 

But  with  the  introduction  of  the  Fourneyron  wheel  in  France,  the 
attention  of  engineers  here  Avas  called  to  it,  and  Mr.  Edward  Morris  con- 
structed and  put  into  oiJeration  one  near  Philadelphia,  Avhieh  indicated 
75  per  cent,  of  useful  eff'ect.  In  1814  Mr.  U.  A.  Boyden  constructed  one 
for  the  Appleton  Company  at  Lowell  which  gave  78  per  cent. ,  and  in 
1846  two  for  the  same  company  which  gave  88  per  cent. ,  and  many  otht  r 
wheels  with  equally  good  results. 

The  quantity  of  water  was  invariably  determined  by  the  flow  over 
a  wier,  and   the   mechanical   efiiect  by  a  Prony  dynamometer,   and  as 
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the  compensation  of  Mr.  Boyden  was  dependent  on  the  percentage  of 
useful  effect  obtained,  it  became  very  important  that  the  formula  for  the 
flow  over  wiers  should  be  rigorously  determined.  And  as  the  formula  thus 
far  was  derived  from  discharges  of  water  and  breadth  of  weir  much  less 
than  were  necessary  for  comparison  with  the  discharge  of  large  turbines, 
Mr.  James  B.  Francis,  at  the  exj^ense  of  the  Locks  and  Canals  Com- 
pany of  Lowell,  undertook  a  long  course  of  trials,  which  have  been 
jjublished  under  the  title  of  "Lowell  Hydraulic  Experiments,"  and  as 
the  most  satisfactory  form  of  formula  Mr.  Francis  adopted  that  recom- 
mended by  Mr.  Boydeu,  in  whicli  the  correction  of  length  of  wier  for 
end  contractions  is  a  factor  of  the  depth  on  the  wier,  and  in  taking  the 
heights  of  water  above  the  wier  he  adopted  Mr.  Boyden's  hook  gauge 
as  the  most  accurate.  The  formulje  obtained  by  Mr.  Francis  are  now 
the  standard  throughout  this  country,  and  are  adopted  wherever  a  wheel 
is  to  be  tested. 

The  success  of  Mr.  Boyden's  Avheels  were  due  to  their  de-sign 
and  to  the  accuracy  of  their  mechanical  details  and  finish,  the  later 
wheels  having  bronze  buckets  to  the  wheels  and  guides.  They  were  as 
expensive  as  steam  engines  of  the  same  power,  but  they  still  endure 
after  years  of  work. 

Wheels  of  this  form  were  more  adapted  to  mills  than  the  old  breast  or 
over-shot  wheels,  occupying  a  great  deal  less  space,  running  at  a  more  suit- 
able speed,  and  more  easily  regulated,  and  when  it  was  demonstrated 
that  the  percentage  of  effect  was  greater,  the  manufacture  of  reacting 
wheels  sjoread  throughout  the  country.  Jonval  wheels  were  built  at 
Philadelphia,  Patterson,  Cohoes,  and  various  forms  were  experimented 
on  elsewhere  to  secure  high  percentage  of  useful  effect,  with  cheapness 
of  construction.  At  the  first  it  was  not  possible  to  exceed  that  already 
obtained  by  Mr.  Boyden,  but  it  was  thought  possible  that  wheels  of 
cheap  construction  and  with  a  very  fair  percentage  of  effect  could  be 
made.  This  has  been  done  ;  the  forms  now  most  generally  adopted  are 
wheels  with  a  central  and  dowuAvard  discharge  ;  and  makers,  before 
issuing  circulars  to  the  liublic,  eithei  test  their  wheels  at  their  works  or 
have  them  tested  by  weir  discharge  and  Prony  dynamometer,  and  their 
guarantee  of  power  is  based  generally  on  a  standard  of  80  per  cent,  of 
useful  effect. 

Water  for  manufacturing  piirposes  is  estimated  by  cubic  feet  of  dis- 
charge multiplied  by  feet  of  fall.     In  California,  where  the  water  is  used 
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for  washing  earths  and  ores,  water  is  sold  by  tlie  inch,  that  being  usually 
the  quantity  which  escapes  through  an  orifice  one  inch  square  with  the 
water  six  inches  deep  above  the  top  of  the  orifice  ;  as  measured  an  inch 
of  water  is  considered  eqiial  to  2^  cubic  feet  jier  minute.  The  mining 
ditches  of  the  State  (1871)  carry  at  least  100  000  inches,  or  about 
2  500  000  000  gallons  in  24  hours.  This  water  is  carried  in  open  canals, 
in  wooden  frames  and  iron  i)ipes.  The  latter  are  used  now  invariably  in 
crossing  deep  ravines,  and  the  necessities  of  the  positions  have  led  to 
the  adoption  of  heroic  engineering  precedents  in  regard  to  the  thickness 
of  metal,  cotiijled  with  diameter  of  pipe.  Thus  the  Swartsville  pipe,  16 
inches  diameter,  under  180  feet  i^ressure,  of  No.  18  sheet  iron,  was  laid  in 
1861,  not  painted  inside  but  painted  on  the  out.  San  Juan,  30  inches 
diameter.  Nos.  12  and  14  iron,  55  feet  head,  coated  inside  and  out,  laid 
in  1861.  Chinese  camp,  Nos.  12,  14,  16  and  18  iron,  maximum  head 
800  feet,  was  laid  in  1868.  The  pipes  are  double  riveted  on  the  longi- 
tudinal seams,  jiut  together  like  stove  pipes  and  riveted,  and  coated  with 
coal  tar. 

Most  of  the  water  thus  distributed  isiised,  as  is  said,  "to  hydraulic," 
that  is,  to  wash  banks  of  auriferous  earth  by  throwing  a  stream  of  water 
upon  them  through  a  hose  and  pipe.  Hydraulic  claims  are  usually  in 
hills.  The  water  is  brought  to  the  bottom  of  the  hill  by  an  iron  pipe 
or  by  a  hose.  The  hose  is  of  heavy  duck,  and  from  4  to  10  inches 
diameter,  sometimes  surrounded  by  iron  rings  2  inches  wide  and  3  inches 
apart,  connected  by  4  ropes.  It  is  important  to  preserve  as  great  a  head 
as  iDossible,  with  flexibility  of  hose.  The  nozzles  are  like  those  of  fii'e 
engine  hose,  sometimes  as  large  as  8  inches  diameter,  Avith  a  discharge  of 
i^OO  to  800  inches  of  water.  The  miners  usually  turn  the  stream  upon  the 
banks  near  the  bottom  until  a  large  mass  of  earth  tumbles  down.  They 
then  wash  all  this  away  into  the  sluice,  and  then  cut  the  bank  again  at 
the  bottom.  The  water  usually  costs  10  cents  per  inch  per  day,  and 
dirt  in  this  way  has  been  in  some  places  excavated  at  a  jjrofit  when  it 
contained  one  cent's  worth  of  gold  in  a  cubic  foot.  The  same  hydraulic 
process  has  been  used  for  excavation  merely. 

Besides  water  for  washing  earths,  canals  are  used  in  California  for 
irrigation,  and  in  1876  there  were  915  irrigating  ditches  supplying  water 
to  90  344  acres. 

City  Supply. 

Few  of  even  the  medium  sized  cities  of  the  United  States  are  without 
some  system  of  water  supply  and  distribution.     Pliiladeli^hia  was  first  in 
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the  inception  of  such  works,  wliicli  was  effected  by  the  construction  of  a 
dam  across  the  Schuylkill,  with  breast  wheels  and  pum^DS  raising  water 
into  a  reservoir  and  then  distributing  it  through  the  city.  The  breast 
wheels  have  given  way  to  more  efficient  reactors,  and  the  supply  has 
been  supplemented  by  steam  pumping  engines,  both  on  the  Schuylkill 
and  on  the  Delaware. 

New  York  is  supplied  by  gravitation,  bringing  the  water  from  the 
Croton  through  some  38  miles  of  brick  aqueduct  and  some  iron  con- 
duit. The  iron  conduit  or  jDipe  lines  across  Harlem  and  Manhattan 
Valley  have  been  increased  in  capacity.  A  large  receiving  reservoir  of 
1  000  000  000  gallons  capacity,  and  two  large  catch  basins  on  the  Croton 
river  have  been  constructed  since  the  completion  of  the  works  ;  together 
with  two  pumping  engines,  of  10  000  000  gallons  per  24  hours'  capacity, 
for  the  supply  of  the  highest  parts  of  the  city.  The  daUy  supply  is  now 
about  90  000  000  gallons. 

Boston  has  also  a  gravitation  siipply  from  Lake  Cochituate,  but  has 
lately  constructed  an  entirely  new  aqueduct,  taking  all  the  upper  waters 
of  the  Sudbury  river.  By  the  annexation  of  Charlestown,  the  pumping 
works  of  Mystic  jioud  have  been  added.  The  total  daily  supply  is  now 
about  30  000  000  gallons. 

The  supply  of  Washington  is  also  by  gravitation  from  the  Potomac, 
and  is  the  largest  in  quantity  in  i^roportion  to  the  number  of  its  inhab- 
itants. 

But,  in  general,  most  of  the  cities  are  supplied  by  steam  pumpii;g 
engines,  of  which  the  exhibit  of  St.  Louis  is  a  very  fine  type,  and,  to- 
gether with  those  of  Messrs.  Leavitt  and  Worthiugton,  represent  our  best 
practice. 

Usually  with  all  city  water  works  there  are  reservoirs.  In  some  cases 
the  pumping  is  directly  into  the  main,  without  reservoirs.  In  Sandusky 
the  engineer,  Mr.  J.  D.  Cooke,  has  introduced,  as  an  economical  con- 
struction, under  the  conditions  of  position,  a  very  large  stand  pipe,  serv- 
ing, in  a  measure,  as  a  reservoir,  with  a  small  central  pipe  which  will  be 
useful  in  putting  an  extra  head  on  the  mains  in  case  of  fires.  The  large 
pipe,  25  feet  inner  diameter,  180  feet  high  ;  the  central  pipe  8  feet  diam- 
eter, 230  feet  high.  The  large  pipe  is  of  steel  jslate,  having  a  reliable  tensile 
strength  of  70  000  lbs.  The  plates  build  4  feet  per  course,  each  course 
being  composed  of  6  plates,  1st  and  2d  course  -}"  thick,  3  rows  of  1^" 
steel  rivets,  then  reducing  by  each  two  courses  the  thickness  of  the 
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plates  by  aV  5  the  43d  and  45th  course,  inckisive,  is  -i\"  plates,  i"  rivets, 
doixble.  The  rivets  were  changed  from  triple  to  double  rows  at  24th 
course.  The  top  is  finished  with  galvanized  iron  cornice  ;  the  whole 
thoroughly  painted,  inside  and  out.  Influent  and  effluent  pipes  pass  into 
and  throiTgh  the  shell  of  large  pi^ie  near  the  bottom.  Either  pijie  can 
be  used  indeiiendently  of  the  other  ;  valves  so  arranged  that  the  engineer 
can  change  to  either  pipe  without  leaving  the  engine  house. 

The  types  of  pum^^ing  engines  used  at  the  different  works  are  extremely 
varied.  The  drawings  sent  to  the  exjDosition  are  very  favorable  specimens 
of  American  practice.  The  pumicing  engines  of  Mr.  Leavitt  are  compound 
engines,  with  the  steam  cylinders  inclined  to  each  other,  and  at  their 
bases  are  close  to  each  other  as  possible.  The  connections  are  with 
opposite  ends  of  the  beam,  and  the  channels  between  the  cylinders  are 
short  as  possible.  The  fly-wheel  connection  is  with  one  end  of  the  beam 
and  the  pump  connection  with  the  other.  This  type  of  engine,  of  which 
there  ai'e  three  in  operation — one  at  Lynn  and  two  at  Lawrence — both  in 
their  tests  by  experts  and  every  day  running,  have  given  the  best  per- 
centage of  efiect  of  any  in  the  country. 

The  Worthington  engine  is  the  legitimate  growth  from  the  donkey 
engine  which  was  first  introduced  for  the  feed  of  boilers  by  Messrs 
Worthington  &  Baker.  In  its  present  form,  as  a  jDumping  engine  for 
water  supply  to  towns,  it  is  a  compound  horizontal  engine,  with  two  sets 
of  high  and  low  pressure  cylinders,  and  its  distinctive  character  is,  that 
the  steam  valves  of  one  set  of  cylinders  are  moved  by  the  piston  rods  of 
the  other.  There  are,  probably,  more  of  these  engines  than  of  any  other 
one  type  ;  they  are  well  adapted  to  a  very  fair  percentage  of  duty,  and 
they  are  economical,  in  first  cost  including  foundations,  and  repair  in 
working.  They  are  of  medium  size,  the  largest  in  operation  having  a 
caiiacity  of  8  000  000  gallons  i^er  24  hours. 

The  St.  Louis  engines  are  of  the  largest  capacity  of  any  in  this  coun- 
try. Engines  Nos.  1  and  2,  high  service,  are  simple  beam  engines,  with 
the  iJiimps  beneath  the  steam  cylinders  and  directly  connected  ;  the 
crank  connection  is  with  the  opposite  extremity  of  the  beam.  The  pump 
is  of  a  type  first  introduced  by  Mr.  Wm.  Wright  at  the  Brooklyn  Water 
Works.  The  i^umi)  cylinder  being  enclosed  in  an  annular  cylinder,  acting 
as  a  supplementary  pipe  to  the  pump,  and  aflbrding  more  ample  passage 
for  the  water  than  could  be  seciired  through  the  pump  bucket  alone. 
Engine  No.  3,  High  Service,  is  a  couialed  compound  beam  engine,  witk 
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the  two  steam  cylinders  set  close  to  each  other  aud  attached  to  the  same 
side  of  the  beam.  The  pump  and  crank  connections  are  with  the  opposite 
ends  of  the  beams.  At  the  low  ser\'ice  the  water  is  piimped  from  the  river 
into  subsiding  basins,  and  thence,  by  the  high  service,  intothe  mains  and 
reservoir.  Engines  Nos.  1  and  2,  low  service,  are  Bull  engines,  that  can  be 
run  coupled.  No.  3  is  a  beam  engine,  with  two  j^lunger  pumps,  one  beneath 
the  steam  cylinder  and  directly  connected  therewith.  On  the  piston-rod 
there  is  a  connection  with  the  extremity  of  a  beam,  at  whose  other  ex- 
tremity there  is  another  pump  and  a  flywheel  connection.  This  pump- 
ing engine  has  two  distinct  condensers,  the  first  in  connection  with  a 
regular  air  isumj)  on  the  main  piston-rod,  which  is  supplied  by  injection 
from  the  clear  water  main  of  the  city,  aud  the  condensed  water  is  used 
entirely  for  the  supply  of  the  boilers,  at  from  140°  to  150^.  The  other 
is  a  syi^hon  condenser  supplied  from  the  pump  chamber  with  river  water 
and  the  condensation  is  effected  by  means  of  a  sprinkler.  All  this  con- 
densed water  is  returned  to  the  river. 

Of  late,  all  the  pumping  engines  of  a  capacity  of  5  000  000  gallons  per 
24  hours,  and  above,  have  been  fitted  with  comi)ound  engines.  The  St. 
Louis  engine.  No.  3,  may  represent  the  tyjje  of  Milwaukee,  Chicago  and 
Lowell.  In  the  Yonkers  engine  Mr.  "Wright  has  placed  the  cylinders 
vertically  and  at  opposite  ends  of  the  beam.  There  are  a  great  many 
Bull  aud  Cornish  engines  used  for  the  supply  of  towns  and  drainage  of 
mines,  and  the  English  pump  of  Drury  has  been  introduced  into  Cali- 
fornia. The  pumps  of  the  Holly  system  are  inclined  cylinders,  with 
directly  connected  pumps  beneath  and  a  connection  above  with  a  crank 
on  a  fly-wheel  shaft,  usually  with  four  cylinders,  two  at  each  end  of 
the  shaft,  and  arrangements  to  work  either  simply  or  compound. 

The  forms  of  boilers  are,  perhaps,  more  varied  than  that  of  the  en- 
gines. The  most  usual  types  are  the  horizontal  tubular,  fired  under- 
neath and  returning  through  the  tubes  ;  the  drop  flue,  horizontal  with 
large  flues  to  a  back  connection,  then  returning  through  smaller  flues 
or  tubes  to  a  front  connection,  thence  out  at  the  bottom  and  back  to 
the  chimney  ;  and  the  Cornish. 
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SUBJECTS  EXHIBITED. 

19.  Phoiograplis  of  Pumping  Engine  at  Lawrence,  willi  Indicator  Cards, 
&c.  Designed  by  E.  D.  Leavitt,  Jr.,  C.  E.  (See  Plates  XL VIII, 
XLIX.) 

The  engines  are  two,  with  a  single  fly-wheel  between  them.  The  two 
steam  cylinders,  both  steam  jacketed,  are  placed  beneath  the  main 
centre  of  a  working  beam,  and  inclined  outwardly  at  the  top  to  connect 
with  opi30site  ends  of  the  beam,  reducing  thereby  the  length  of  the 
steam  passage  between  the  cylinders,  equalizing  the  stroke,  and  econo- 
mizing space,  with  a  strong  and  compact  frame. 

The  cylinder  valves  are  all  gridiron  valves,  with  large  area  of  opening 
and  small  movement.  The  steam  valves  to  the  high-pressure  cylinders 
are  operated  by  cams  controlled  by  governors,  one  to  each  engine.  When 
running*oupled,  the  cam  of  one  engine  is  set  and  the  other  controlled  by 
its  governor. 

Air-pump  double-acting  ;  feed-pump  connected  with  air-p^^mp  rod. 
The  jjumps  are  of  the  Thames  Ditton  variety,  bucket  and  plunger,  but 
with  a  supplementary  delivery  pipe.  There  are  seven  double-beat  valves 
for  suction,  and  four  in  the  supplementary  pipe,  and  the  bucket  valve 
for  the  delivery.  Attached  to  the  lower  valve  chamber  there  is  a  small 
spherical  chamber  with  an  air-cock  at  the  top,  by  which  air  may  be  intro- 
duced into  the  pumj),  which  is  found,  at  particular  stages  of  water  in  the 
well,  to  contribute  to  ease  in  the  working  of  the  pump. 

TABLE  OF  DIMENSIONS. 

Diameter  of  liigh-pressure  cylinders 18  inches. 

low  "  "  ., 38      " 

high         "  "  rods 3^" 

"  low  "  "  "    4      " 

"  air-pumps 15      " 

"  pump-barrel 26 1   " 

"  '■    plunger 18i   " 

rod 4i    " 

"  bottom  and  supplementary  valves  outside  lower  seat 15f   " 

"  "         "  "  "  inside  upper     "    12i   " 

"  bucket-valves  outside  lower  seat 22     " 

"  "  inside        "        "    15     " 

"  air-chamber 54     " 

"  ily-wheel 30     feet. 

Length  of  stroke  of  steam  and  water  pistons S 

"  "        air-pump 28inchcs. 

Distances  between  End  Centres  of  Beam 10|^   feet. 

Lead  on  steam-valves 0 
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Lead  on  high-pressure  exhavist  valves y 6  inch. 

"      low         "  inlet iV  '" 

"         "  "  exhaust  bottom S-^^   " 

"         "  •'  "         top 4/^    " 

All  measured  on  stroke  of  pistons. 

(];ushion  on  high-pressure  top  exhaust 14^    " 

"  "         bottom         "     14|    " 

"  low-pressure   top  "     4^    " 

"  "         bottom  "     8 J   " 

Volume  of  Clearaxce  and  Port  Space  : 

High-pressure  top 02.56  of  cylinder  capacity. 

bottom 0231 

Low         "         top.. 0154             "  " 

bottom 0182 

Connecting  pipe  between  cylinders 0992  H.  P.  "  " 

Weight  of  fly-wheel 35  900  lbs. 

"            walking-beam,  including  pins  and  counter-balance. . .   .  25*700  " 

"            high  pressure  piston  and  connections i  575  " 

"            low         "             "         "             "           4  175  " 

"            air-pump              "         "             " .  1  800  " 

"            pump,  plunger  bucket 7  200  " 

"            main  connections,  beam  to  crank 3  800  " 


20.  Photographs  of  Pumping  Engines  of  St.  Louis  Water  Works. 

The  photographs  exhibited  of  the  engines  of  the  St.  Louis  Water 
Works  are  three  in  number,  representing  three  of  the  four  types  of 
pumping  engines  employed  at  these  works.  The  fourth  type  is  not  re- 
i:)resented. 

The  first  type  is  No.  1,  low  service  engine.  There  are  two  engines 
precisely  of  this  type.  They  are  Cornish  engines,  of  the  kind  intro- 
duced by  Capt.  Bull.  The  j^rincipal  dimensions  are  as  follows:  Diameter 
of  steam  cylinder  56",  stroke  144",  speed  8^  to  9  strokes  per  minute,  air- 
pump  28"  diameter,  stroke  72".  Main  pump  56"  Xl44",  being  the  same 
as  the  steam  cylinder.  The  pump  is  a  jilunger  pump.  The  lift  of  water 
is  from  15  to  50  feet,  according  to  the  stage  of  water  in  the  Mississippi 
river,  from  which  the  suj^ply  is  taken. 

The  capacity  of  each  ijump  is  17  000  000  United  States  gallons  in  24 
hours.  These  engines  were  built  by  the  Knapp  Fort  Pitt  Foundry  Co. 
of  Pittsburgh,  Pennsylvania,  in  1870.  The  pump  valves  and  seats  are 
of  composition,  "Government  standard,"  viz.:  copper,  85  per  cent., 
tin,  10  i3er  cent.,  spelter,  5  i^er  cent.  The  valves  are  "Cornish  Equi- 
librium," arranged  in  two  tiers  of  twelve  valves  each.  Diameter  of  lower 
valve  seat  17",  of  uj)per  valve  seat  15",  lift  of  valve  li".  These  two  en- 
gines were  erected  by  the  parties  above  mentioned,  in  accordance  with 
a  proposal  made  by  them  on  February  15,  1868,  to  construct  the  two 
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engines  foi-  $80  800.  Steam  for  these  engines  is  sui^plied  by  two  inter- 
nally fired  fixed  boilers,  two  for  eacli  engine.  They  have  each  650  square 
feet  heating  surface,  and  27^  square  feet  of  grate  surface.  The  boilers 
are  7  feet  diameter  and  30  feet  long,  the  flues  30"  diameter,  the  full 
length. 

The  second  type  of  engine  is  Engine  No.  3,  low  service,  a  crank  and 
fly  wheel  engine  with  Wright's  valve  gear,  biiilt  by  Gerard  B.  Allen  &  Co. 
of  St.  Louis,  1874.  The  contract  was  awarded  in  accordance  with  a  pro- 
posal made  on  November  11,  1872,  to  construct  the  engine  for  $118,500. 
The  principal  dimensions  of  the  engine  are  as  follows  :  Steam  cylinder 
60"  X  84"  without  steam-jacket,  air  pump  (single  acting)  2Q' '  X  84".  Two 
main  i^umps  50"x84"  each.  The  pump  valves  are  of  leather  and  hinged, 
placed  in  the  central  chamber  in  two  tiers.  The  capacity  was  intended 
to  be  1  000  000  United  States  gallons  per  hour.  The  action  of  the  valve 
gear  is  excellent.  The  lift  of  water  is  that  already  stated  for  Nos.  1  and 
2  engine,  viz. :  from  15  to  50  feet. 

The  third  type  of  engine  is  Nos.  1  and  2,  high  service  engines,  which 
are  alike.  No  photograph  of  this  type  is  exhibited.  The  engines  are 
very  similar  to  No.  3  Eidgewood  engine  at  the  Brooklyn  Water  Works, 
described  in  Mr.  Kirkwood's  book,  "The  Brooklyn  Water  Works."  The 
engine  is  a  crank  and  fly  wheel  engine  with  a  beam.  The  principal 
dimensions  are,  steam  cylinder  85" X 120"  (jacketed).  Air  pump 
36"X60",  double  acting.  The  main  pump  is  directly  under  the  steam 
cylinder,  and  worked  by  an  extension  of  the  j^iston  rod.  The  pump  is 
a  bucket  and  plunger  pump  of  the  kind  known  as  "  Thames  Ditton. " 
Diameter  of  plunger  36^",  of  bucket  51  i",  stroke  120".  The  pumps  re- 
ceive water  through  a  50"  pipe,  and  discharge  through  a  36"  main.  Air 
chambers  of  ample  capacity  are  located  near  the  i^umps.  The  pump 
valves  are  "Cornish  Equilibrium."  Thei'e  are  11  suction  and  10  dis- 
charge valves.  Diameter  of  lower  seats  16",  of  upj^er  13 J",  lift  of  valves 
ly.  There  is  also  a  large  bucket  valve  of  the  same  kind.  The  lower  seat 
is  40^",  the  upper  34^"  diameter,  the  lift  4".  The  steam  valve  gear  is 
of  the  kind  known  as  "Sickel's,"  and  the  cut-off  is  worked  from  the 
parallel  motion.  Diameter  of  fly-wheel  26  feet,  weight  30  tons.  The  head 
against  which  these  j^umps  work  is  about  is  about  200',  and  the  capacity 
17  000  000  United  States  gallons  in  24  hours.  These  engines  were  con- 
tracted for  at  S188  800,  in  accordance  with  proposal  made  February  15, 
1868,  by  the  Knapp  Fort  Pitt  Foundry  Co.  of  Pittsburgh,  Pennsylvania, 
and  were  finished  in  1870.  They  have  been  very  satisfactory.  The 
consumption  of  steam  is  25  jDounds  per  indicated  horse  power  per  hour, 
the  rate  of  expansion  from  3  to  4,  the  number  of  revolutions  jier  minute 
11  h,  though  they  have  been  run  on  a  trial  at  14^.  Steam  is  usually 
furnished  to  each  engine  by  six  boilers,  each  with  internal  fire  place  and 
return  flues.  The  grate  surface  is  25  square  feet,  the  heating  surface 
500  square  feet  to  each  boiler.  The  steam  pressure  is  40  pounds  per 
square  inch. 
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The  fourth  type  of  engine  is  No.  3,  high  service  engine,  of  -n-hich 
a  photograph  is  exhibited.  This  engine  works  against  the  same  head 
as  the  other  high  service  engines,  but  has  a  capacity  of  1  000  000 
gallons  per  hour.  The  engine  is  a  double  beam  compound  engine. 
There  are  two  high  x^ressure  steam  cylinders  unjacketted  50"  X87".  The 
low  pressure  cylinders  80"  XlSSj",  the  cranks  are  set  at  right  angles  ou 
a  shaft  which  carries  a  fly-wheel  32'  diameter,  weight  35  tons.  The  air- 
pumps  are  double  acting,  each  23"x54".  The  main  pumps  are  eack 
of  the  "Thames  Ditton"  kind,  plungers  32",  buckets  45i"  diameter,^ 
and  100"  stroke.  The  pump  valves  are  "  Cornish  Equilibrium,"  and  the 
steam  valves  are  driven  by  spur  gearing  on  the  shaft.  The  action  of 
the  pumps  is  exceedingly  smooth.  The  contract  for  these  engines  was 
awarded  to  the  Hartford  Foundry  &  Machine  Co. ,  on  March  19,  1873, 
for  $280  000,  and  was  finished  in  1874. 


21.   Plwtograph  of  Stand  Pipe  of  Sanausky  Water  Works.      Designed  by 
J.  D.  Cooke,  M.  E. 
This  stand  pipe  is  described  in  the  general  article. 


22.   Pliotographs  of  Wortlnngton''s  Duplex  Pianping  Engines.     Designed  hi/ 
Henry  K.  Worthington,  M.  E.     (See  Plate  L.) 

The  pumps  are  in  pairs,  horizontal  and  double-acting,  arranged  side 
by  side  on  the  same  frame,  each  operated  directly  by  a  compound  engine 
with  steam  jacketed  cylinders.  The  smaller  steam  cylinder  is  attached  to 
the  front  he-id  of  the  larger,  and  has  a  central  piston  rod  connecting  with 
pump  rod  through  a  cross-head, and  two  piston  rods  from  the  larger  cylin- 
der pass  outside  the  smaller  and  connect  with  the  cross-head.  There  are 
two  single-acting  air  pumps,  which  are  operated  from  the  ends  of  a  hori- 
zontal beam,  Avith  vertical  lever  attached,  receiving  motion  from  one 
main  ci'oss-head.  The  main  valves  are  plain  slides  operating  over  double 
cylinder  ports. 

The  valves  for  both  cylinders  of  each  engine  are  arranged  on  the 
same  stem  by  raising  the  chest  of  the  smaller,  and  each  valve  is  provided 
with  a  balancing  piston.  The  valves  of  one  engine  are  ojaerated  by  bell 
cranks  directly  from  the  reciprocating  parts  of  the  other,  and  no  rotative 
movements,  with  accompanying  details,  are  required.  Double  cylinder 
ports  are  provided — the  outer  ones  receive  steam  past  the  ends  of  the 
valves,  and  admit  same  to  the  cylinder  in  the  usual  way;  the  inner  ones 
communicate  with  the  exhaust  cavity  of  the  valve  only,  and  enter  the 
cylinder  at  such  distances  from  the  ends  that  when  steam  is  exhausting 
through  one  of  the  ports  the  main  piston  will  run  over  and  close  it,  and 
cushion  upon  the  vapor  thereby  inclosed,  the  outer  port  being  at  the  time 
shut  off  by  the  main  valve.     Valves  are  provided  to  put  the  two  cylinder 
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ports  at  eaeli  end  in  communicatiou  to  regulate  the  extent  of  cushioniag. 
The  pump  valves  consist  of  rubber  disks  arranged  in  chambers  above 
and  below  the  plungers.  Each  plunger  runs,  without  packing,  in  a  long 
grooved  ring  in  a  central  diaphragm.  In  operation,  one  engine,  while  in 
full  action,  moves  the  valves  of  the  other,  wdien  the  pistons  of  the  latter 
gradually  begin  to  move,  and  finally  attain  full  velocity,  as  those  of  the 
first  are  checked  by  the  steam  cushions  and  gradually  come  to  rest,  the 
pump  valves  meantime  seating  quietly. 


23.   Photographs  of  Hoh/oke  Dani.  and  Canal. 

The  dam  across  the  Connecticut,  at  South  Hadley  Falls,  was  con- 
structed for  the  supply  of  water-power  to  the  proijosed  town  of  Holyoke, 
which,  since  its  construction,  has  developed  into  a  large  manufacturing 
city.  The  dam,  as  originally  constructed,  was  1 017  feet  between  abut- 
ments, with  an  average  height  of  30  feet,  with  a  base  of  80  feet.  It  was 
constructed  of  timber  crib-work,  loaded  with  stone  for  about  one-third  of 
its  height.  The  foot  of  each  rafter  is  bolted  to  the  ledge  iinderlying  the 
whole  dam,  and  all  timbers  at  their  intersections  are  tree-nailed  together 
with  2-inch  white  oak  treenails.  The  inclined  plank  face  is  loaded  with 
gravel,  and  the  joint  at  the  ledge  secured  with  concrete.  The  base  tiers 
of  ranging  timber  were  15x15  inches,  other  timbers  were  12x12  inches. 
The  rafters  are  placed  vertically  over  each  other  in  bents,  6  feet  between 
centres.  The  jDlanking  was  of  hemlock,  6  inches  thick,  with  oak  cross- 
planking  at  crest,  of  4  inches  thick  at  bottom  and  8  inches  at  top.  The 
crest  was  plated  with  J-inch  ii'on,  5  feet  wide.  During  the  construction, 
the  dam  was  first  planked  about  30  feet  on  the  incline.  A  space  was 
then  left  about  16  feet  deej)  on  line  of  incline,  and  of  length  sufficient 
to  vent  the  flow  of  the  stream.  This  aperture  was  closed  by  a  plank 
flap,  as  soon  as  the  dam  was  ready  for  the  filling  of  the  reservoir.  The 
highest  freshet  has  given  over  12  feet  de^ath  over  the  crest.  By  the 
action  of  the  water,  flowing  over  the  crest,  the  ledge  beneath,  after  a 
few  years,  began  to  be  worn  and  cut  out,  to  the  manifest  insecurity  of 
the  work  ;  there  was,  therefore,  a  roll  made  of  similar  construction, 
to  that  of  the  main  dam,  that  is  loaded  crib  work  and  jjlank  face,  which 
gives  a  discharge  at  a  distance  from  the  structure,  and  secured  its  sta- 
bility. The  water  jjower  supplied  by  this  dam  is  perhaijs  the  largest  in 
the  United  States,  utilizing  the  whole  water  power  of  the  Connecticut 
River,  with  a  fall  of  about  60  feet. 


24.   Photograph  and  Drawing  of  Dam  across  the  Aloha wk  at  Cohoes.     De- 
signed by  W.  E.  WoETHEN,  C.  E. 
T!ie  Cohoes  dam  across  the  Mohawk  is  a  stone  roll  to  an  old  crib 
dam,  which  had  become  very  leaky  and  worn,  and  which,    by  its  over- 
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fall,  liacl  worn  deeply  into  the  ledge  of  slate  stone  on  whicli  it  was 
constrncted.  The  old  dam  was  left  as  a  sort  of  coffer-dam  for  the 
tonstrnction  of  the  new  dam,  and  for  a  protection  to  it  from  the  shocks 
of  ice.  The  exterior  of  the  dam  was  rock  faced  ashlar,  below,  and  the 
cap  stones  were  in  single  lengths  of  10  feet,  and  not  less  than  2  feet 
Avide  by  15  inches  thick.  They  Avere  dowelled  together  by  2  galvan- 
ized wrought  iron  dowells.  The  hearting  of  the  work  was  of  small 
stone,  such  as  could  be  readily  laid  by  one  man  ;  the  whole  work  was 
laid  very  carefully  and  full  in  cement  mortar.  The  caj)  stones  were 
bedded  in  cement,  and  joints  filled  to  within  6  inches  of  top,  which  was 
then  run  full  of  sulphiir.  The  length  of  the  dam  is  1,380  feet,  with  an 
average  depth  of  12  feet  below  crest  of  dam.  In  the' construction  of  the 
dam  the  leak  of  the  old  dam  was  stopped  as  far  as  possible,  by  a  sheet 
piling  attached  to  the  face  of  the  old  dam,  and  another  sheet  piling  par- 
allel with  it,  and  18  to  20  inches  distant,  the  joints  of  this  last  with 
the  ledge  were  made  tight  by  sausages,  or  long  bags,  about  6  inches 
diameter,  filled  wit  li  dry  sand  and  cement,  forced  down  along  the  line  of 
ledge  and  the  spaces  between  the  pilings  were  divided  from  time  to  time 
by  cross-pilings,  which  made  a  series  of  boxes  of  such  sizes  as  could  be 
readily  filled  at  once  by  batches  of  concrete.  After  the  setting  of  the  con- 
crete, all  pilings  except  on  face  of  old  dam,  were  removed,  and  the  spaces 
filled  in  with  grout,  and  the  concrete  became  a  jjart  of  the  dam,  The 
work  was  begun  July  14:th,  1865,  and  on  October  20th  of  the  same  year, 
it  was  comiilete,  with  the  exceiDtion  of  20  feet  of  coping.  The  dam  at 
Cohoes,  though  of  insignificant  height,  utilizes  a  fall  of  about  130  feet, 
and  a  minimum  flow  of  about  1  000  cubic  feet  per  second. 


INTERNAL   NAVIGATION, 


Tlie  United  States,  early  iu  its  history,  ^vas  noted  for  its  clipper  sliips, 
T\-liich  successfully  competed  for  an  important  share  of  the  commerce  of 
the  world,  and  as  the  population  rapidly  increased  advantage  was  taken 
of  the  numerous  great  bays,  rivers  and  lakes  to  extend  internal  naviga- 
tion m  all  directions.  In  due  time  imi>ortant  lakes  and  streams  were 
connected  by  canals,  several  of  considerable  magnitiide,  though  small 
in  comparison  with  the  natural  water  courses  thereby  united.  The  de- 
mands incident  to  the  rapid  development  of  the  country  and  the 
individual  freedom  of  thoiight  and  action  stimulated  enterprise  and 
invention,  and  the  means  available  were  quickly  utilized  to  overcome 
difficulties  and  accomjilish  the  ends  desired. 

Under  such  circumstances  steam  navigation  Avas  developed.  Fitch 
in  1786  showed  it  to  be  practicable ;  Fulton  in  1806  put  it  in  such 
shape  that  its  great  value  was  demonstrated  and  success  assured.  The 
ocean  was  crossed  by  steam  for  the  first  time  by  the  American  steamer 
Savannah,  in  the  year  1819,  and  the  CoUins  steamers,  brought  out 
about  the  year  1850,  were  the  first  in  which  the  heavy  head  gear  used  on 
sailing  vessels  was  dispensed  with,  reducing  the  pitching  moments, 
and  indicating  the  general  characteristics  of  modern  ocean  steamers. 

The  steamers  used  in  the  internal  navigation  of  different  parts  of  the 
United  States  are  very  different  in  construction  and  appearance,  being 
specially  adapted   for  the  several  locations  and  the  duties  to  be  per- 
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formed.  In  tlie  slieltei'ecl  bays  and  connecting  rivers  on  the  coast,  side- 
wheel  steamers  are  generally  employed  with  large,  sharp  hulls  of  light 
draft  and  little  freeboard.  The  freight  is  in  general  stored  on  the  main 
deck,  and  passengers  are  accommodated  in  cabins  and  state-rooms  above. 
The  main  deck  is  made  much  Avider  than  the  hull,  extending  to  the  outside 
of  the  i:)addle  wheels,  the  overhanging  portions  being  called  the  guards. 
The  cabins  are  sometimes  extended  several  stories  in  height  and  furnished 
and  jGitted  vdth.  all  the  comforts  and  luxuries  of  hotels  and  dwellings. 
The  hulls  are  stiffened  longitudinally  at  each  side  by  an  arched  triiss 
(hog  frame),  or  centrally  by  a  series  of  king-posts  and  diagonals,  ex- 
tending from  stem  to  stern.  Each  boat  is  in  general  proijelled  by  the 
tyiDical  American  beam  engine  with  skeleton  trussed  beam  supported  by 
a  wooden  gallows  frame.  This  form  gives  ample  length  of  connections, 
and  the  necessary  flexibility  and  distribution  of  strain  and  weight  to 
permit  maximum  power  to  be  used  continuously  in  a  light  hull.  The 
single  engine  is  so  narrow  that,  when  enclosed,  broad  passages  are  left 
on  each  side  to  connect  the  forward  and  after  cabins  and  compartments. 
In  smaller  boats,  a  single  boiler  is  placed  below  decks.  In  large,  shallow 
steamers,  like  those  used  on  the  Hudson  River,  the  boilers  are  placed  on 
the  guards.  In  steamers  admitting  greater  draught,  like  those  used  on 
Long  Island  Sound,  the  boilers  are  jjlaced  either  on  the  guards  or  in  the 
hold.  Blowers  are  generally  used  to  hasten  combustion  or  to  permit  the 
ixse  of  anthracite  pea  coal.  Some  of  the  larger  steamers  of  later  con- 
struction have  sufficient  boiler  power  with  natural  draft.  Boats  making 
short  trips  on  bays  connected  with  the  sea,  carry  fresh  water  in  tanks  for 
use  in  the  boiler.  Those  making  longer  runs,  often  have  surface  con- 
densers. 

Steamers  of  this  kind  are  adapted  for  use  on  routes  along  the  sea 
coast  and  up  navigable  rivers  by  simply  increasing  the  depth  of  hold, 
and  sometimes  disisensing  with  the  guards,  the  freight  being  stowed 
below  the  main  deck.  The  upper  cabins  are  modified  according  to 
the  average  exposure  during  the  sea  voyage.  Light  draft  proi^ellers 
of  similar  construction  are  also  used  on  this  duty.  Propellers  are 
principally  used  on  the  great  lakes,  some  being  of  large  size-;  the 
draft,  however,  is  restricted  to  about  14  feet,  to  pass  the  flats  at  Lake 
St.  Clair.  Propellers  of  this  kind  are  used  to  tow  one  to  four  or  more 
barges  or  schooners  loaded  with  freight. 

On  the  Mississippi  river  and  its  network  of  connecting  rivers  and 
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bayous,  the  steamers  are  of  very  peculiar  construction.  The  fluctua- 
tions in  the  depth  of  water  on  the  bars  require  very  light  draft,  meas- 
ured, for  many  streams,  by  inches,  instead  of  feet.  The  hulls  are  shal- 
low with  flat  bottoms,  the  ends  sharpened  more  or  less,  but  generaUy 
shaped  to  throw  the  water  beneath.  The  main  deck  receives  the  ma- 
chinery and  freight,  and  supported  by  posts  at  a  considerable  distance 
above  it  are  a  series  of  cabins,  reducing  in  size  as  they  rise,  till  the 
"Texas"  and  pilot  house  tower  over  all,  just  behind  two  high  smoke 
pipes,  from  which,  when  in  use,  black  smoke,  and  sometimes  flame,  belch 
forth  ;  the  general  appearance,  together  with  the  noise  of  the  exhaust 
steam  from  the  high-pressure  engines,  makes  a  lasting  impression  on  the 
memory.  The  machinery  consists  of  two  horizontal  engines,  connected 
one  to  each  side-wheel,  or  each  to  a  crank  at  each  side  of  a  stern-wheel. 
The  steam  cylinders  are  long  and  of  comparatively  small  diameter  ;  the 
bed-plates  are  wood  ;  the  connecting  rods  or  pitmans,  of  wood  strapped 
with  iron  ;  the  whole  stretched  out  to  distribute  the  weight  as  much  as 
possible,  and  yet  located  at  the  sides,  so  as  to  be  out  of  the  way.  The 
independent  arrangement  of  the  two  engines  enables  the  pilot  to 
manoeuver  the  boat  by  the  wheels,  even  more  than  by  the  nidder. 
The  steam  pressure  carried  is  usually  about  150  pounds  j)er  square  inch. 
The  steam  cylinders  are  fitted  with  single  popi^et  valves  and  steam  is  cut 
off  by  a  cam,  at  about  half  stroke.  The  feed  water  is  heated  by  the 
exliaust  steam.  The  boilers  are  cylindrical,  set  in  brick  work  ;  they  are 
externally  fired,  and  the  jsroducts  of  combustion  return  through  two  flues 
in  each.  Yet  these  apparently  crude  constructions  have,  by  years  of  ex- 
perience, been  found  best  adapted  for  navigation  in  the  shallow  western 
rivers  containing  much  sediment.  Tubular  boilers  could  not  be  made  to 
stand,  and  iron  framing  or  more  condensed  machinery  would  strain  the 
boat  or  increase  the  dead  weight  and  draft  of  water. 

The  cabins  of  passenger  boats  are  well  fitted  up  and  are  aiiy  and 
comfortable,  and  the  steamers  do  continuous  satisfactory  work  in  loca- 
tions where  it  would  be  impossible  to  operate  craft  of  more  elaborate 
design.  Some  boats,  of  from  1  200  to  2  400  tons,  "  stern -Avheelers,"  run 
between  Cincinnati  and  St.  Louis  and  New  Orleans  exclusively  as  freight 
boats. 

Tow  boats,  which  are  all  of  the  stern-wheel  class,  are  160  to  240  feet 
long,  30  to  40  feet  beam,  and  draw  3  J  to  8  feet  water.  They  carry  only 
fuel,  and  are  provided  with  powerful  machinery.     They  are  largely  used 
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in  transporting  coal  from  Pittsburgh,  etc.,  to  New  Orleans  in  barges 
carrying  from  480  to  900  tons.  These  barges  are  inislied  in  front  of 
the  tow-boat.  The  Ajax,  in  this  manner,  took  22  500  tons  from  Louis- 
ville to  New  Orleans.  The  cost  of  trau.sportation  is  80  cents  jier  ton 
from  Pittsbui'gh  to  New  Orleans,  2  000  miles,  or  -^1^}  of  a  cent,  per  ton 
per  mile.  Grain  and  other  merchandise  is  also  carried  in  the  same 
•way. 

Steam  is  used  regularly  on  the  large  canals,  such  as  those  connecting 
the  ChesaiDeake  and  Delaware  bays  and  the  seaboard,  the  vessels  being 
light- draft  propellers  with  elevated  cabins.  The  enormous  traffic  of  the 
Erie  and  others  of  the  long  canals  is  as  yet  mostly  carried  in  boats  towed 
by  horses  and  managed  by  companies  and  individual  owners.  Steam  is, 
however,  being  introduced  ;  the  tug-boat  consort  and  cable  sy.stenis  each 
having  its  advocates.  Single  steamers  are  also  used  to  a  limited  extent, 
but  are  generally  not  considered  advantageous,  as  the  size  of  the  liull& 
is  restricted  by  the  locks.  The  boats  to  and  from  the  Erie  Canal  are 
towed  on  the  Hudson  Eiver  between  New  York  and  Albany,  in  fleets  of 
20  to  30  or  upwards,  by  large  side-wheel  steamers  specially  adapted  for 
the  piii'pose. 

On  the  lower  Hudson  are  quite  a  number  of  propeller  lines.  The  boat* 
are  arranged  to  carry  freight  on  the  lower  deck,  and  cabins  are  provided 
above  for  passengers.  These  steamers  tow  barges  with  hulls  of  some- 
what similar  consti'uction  when  greater  capacity  is  required. 

The  ferry-boats  on  the  eastern  navigable  rivers  are  a  modification  of 
the  steamers.  The  boats  are  short  and  broad,  and  receive  horses,  vehi- 
cles, and  passengers  from  the  shore  directly  on  the  ends  of  the  main  declf, 
which  is  widened  for  the  j)uri30se  by  extending  the  guards.  When  being 
loaded,  each  boat  is  moored,  end  on,  to  a  bridge  with  one  end  carried  on 
a  float  and  the  other  pivoted  to  the  shore.  The  boats  run  either  way,  and 
are  guided  to  place  by  pile  buflers  lining  the  slij),  Passenger  cabins  are 
located  at  the  sides  on  the  guards,  and  occasionally  an  u^Dper  cabin  is 
added.  These  steamers  are  made  sufficiently  strong  and  powerful  to 
ke.ep  ui?  communication  through  the  ice  in  the  hardest  winters.  On  western 
rivers  the  ferry-boats  are  more  like  the  ordinary  steamers,  and  nin  only 
one  way,  as  they  need  to  head  up  against  the  current  and  land  broadside 
to  floats  which  are  connected  by  bridges  to  the  landings.  Special  ferry- 
boats are  in  use  for  carrying  whole  trains  of  railroad  cars,  and  floats  car- 
rying eight  to  ten  freight  cars  are  towed  from  the  termini  of  the  lines  to 
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freight  deiiots  at  differont  portions  of  the  water  fronts  of  the  cities,  where 
the  cars  are  often  loaded  and  unloaded  afloat. 


SUBJECTS     EXHIBITED. 


25.  Draiinng  slioirhig   lines   and  construriioyi   of  llglit   drafl  Htern    v^heel 
steamboat. 

This  boat  is  of  a  class  in  very  common  use  on  the  tributaries  of  the 
INIississipi^i.  Thoiigh  somewhat  crude  in  design,  it  is  the  typical  light- 
draft  American  river  steamer.  The  drawing  shows  only  the  hull,  but  the 
arrangement  of  the  upper  works  and  the  cabin  is  shown  in  the  collection 
of  photographs.     Boats  of  this  class  carry  nothing  in  the  hold. 


26.    Collection  of  pliotorjr(iphs  of  typical  stem  rvlieel  and  other  Mississippi 
river  steamboats. 


21  and29>.  Drawings  and  photographs  shoxoing  construction  of  ferry-boat 
and  arrangement  of  ferry  slips  and  bridges  of  the  Erie  Railroad  Ferry 
at  New  York.     Contributed  by  O.  Chantjte,  Chief  Engineer. 

The  general  arrangement  of  American  steam  ferries  as  conducted  in 
the  vicinity  of  New  York,  and  on  many  tidal  rivers  in  the  United  States 
and  Canada,  dates  back  to  the  very  beginning  of  steam  navigation,  and 
was  designed  by  Robert  Fulton  himself,  in  1809,  or  soon  after  the  trial 
trip  of  the  "Clermont"  to  Albany,  in  1807,  had  established  the  success 
of  his  application  of  the  steam  engine  to  navigation. 

Almost  the  first  use  of  this  invention  to  which  Fulton  turned  his 
attention,  was  the  establishment  of  a  steam  ferry  across  the  Hudson 
river,  between  the  city  of  New  York  and  the  Jersey  shore.  He  applied 
for  a  ferry  lease  and  license  in  July,  1809,  but  a  competitor  having 
arisen  in  the  person  of  Mr.  John  Stevens,  who  owned  the  shore  line  at 
Hoboken,  and  the  barge  ferry  to  that  point,  and  who  had  been  engaged 
with  experiments  in  steam  navigation  since  1803,  some  delay  resulted 
in  settling  their  conflicting  claims. 

Leases  were  finally  executed  in  March,  1811,  to  Fulton  and  his  asso- 
ciate^ under  the  name  of  the  Jersey  Association,  for  a  steam  ferry  from 
the  lower  part  of  the  city  of  New  York  to  "  Paulus  Hook,"  on  the  Jersey 
shore  (this  being  the  local  name  of  a  projecting  point  of  land  near  the 
southern  limits  of  Jersey  City),  and  to  John  Stevens,  for  a  steam  feiTy 
from  New  York  to  Hoboken,  near  the  northern  limits  of  Jersey  City. 
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Stevens  succeeded  in  being  the  first  to  bring  his  line  into  operation, 
and  in  tlie  early  part  of  October,  1811,  began  running  tlie  first  steam 
feny-boat  which  plied  in  any  part  of  the  world. 

Fulton  started  the  first  boat  upon  the  "  Paulus  Hook  "  line  in  August, 
1812,  and  the  second  in  the  following  year.  He  obtained  a  ferry  license 
across  the  East  River,  from  Burling  Slip,  in  New  York,  to  the  Fly 
Market,  in  Brooklyn,  in  1813  ;  and  his  general  arrangement  of  ferry  has 
oontiniied  in  successful  use  ever  since,  with  but  trifling  alterations. 

The  system  was  so  thoroughly  worked  out  in  the  beginning,  that 
Fulton's  own  account  of  his  design  will  stand  fairly  well  for  a  descrip- 
tion of  the  ferries  of  the  present  day,  and  the  following  letter,  written 
by  him  to  Dr.  David  Hosack,  describing  the  boat,  &c.,  which  he  had 
put  into  operation  in  1812  upon  the  "Paulus  Hook"  line,  will,  doubt- 
less, prove  interesting  : 

AccoiDit  of  the  Powles  Hook  steam  ferry  boat,  in  a  letter  to  Dr.  David 
Hosack,  from  Robert  Fulton,  Esq.,  Fellow  of  the  American  Philosoph- 
ical Society,  &c.     (See  Plate  LI.) 

"  Sir, — At  your  request,  I  have  sent  you  a  bird's  eye  and  side  view  of 
the  Powles  Hook  steam  ferry-boat  and  floating  bridge,  by  which  every- 
thing enters  or  is  landed  from  her. 

' '  My  reasons  for  her  i3articular  form  and  arrangement  of  machinery 
are  as  follows  : 

"  1st.  She  is  built  of  two  boats,  each  10  feet  beam,  80  feet  long,  and 
5  feet  deep  in  the  hold  ;  which  boats  are  distant  from  each  other  10  feet, 
confined  with  strong  transverse  beams,  knees,  and  diagonal  braces^ — 
forming  a  deck  30  feet  wide,  80  feet  long.  To  give  her  more  strength, 
she  is  held  together  by  four-inch  braces,  each  two  inches  square,  which 
pass  through  her  one  foot  above  the  water  line,  and  key  on  strong  plates 
on  the  inside  of  each  boat.  Reflecting  on  a  steam  ferry-boat  for  Hud- 
son's river,  the  waves  usually  running  up  or  down,  I  found  a  great 
breadth  of  beam  absolutely  necessary  to  prevent  the  boat  rolling  in  the 
trough  of  the  sea.  This  is  attained  by  two  boats  and  one  space,  giving 
30  feet  beam. 

"  2d.  By  iDlacing  the  propelling  water-wheel  between  the  boats,  it  is 
guarded  from  injury  by  ice  or  shocks  on  apjiroaching  the  wharf  or  en- 
tering the  docks,  which  operation  being  performed  twenty-four  times  in 
twelve  hours,  allows  no  time  for  fending  off  with  boathooks. 

"  To  give  despatch  and  convenience,  it  is  necessary  the  boat  should 
arrive  at  the  bridge  without  the  possibility  of  any  injury  ;  hence  all  im- 
portant parts  of  the  machinery  should  be  carefully  guarded,  i^articularly 
the  propelling  wheels. 

3d.  The  whole  of  the  machinery  being  placed  between  two  boats,  on 
the  beams  over  the  open  space,  leaves  10  feet  wide  on  each  side,  on  the 
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decks  of  each  boat  f  jr  carriages,  horses,  cattle,  &c.  ;  the  other  having 
neat  benches,  and  covered  Avith  an  awning,  is  for  passengers.  On  the 
latter  side  there  is  a  passage  and  stari-s  to  a  neat  cabin,  which  is  50  feet 
long  and  5  feet  clear  from  the  floor  to  the  beams,  and  furnished  with 
l)enches  for  passengers  in  rainy  or  bad  weather.  In  the  winter  there 
■will  be  a  stove  in  this  cabin,  which  will  add  mncli  to  the  comfort  of  the 
passengers  while  navigating  through  the  ice. 

"  4tli.  Although  the  two  boats  and  space  between  them  give  30  feet 
beam  and  projjortionate  stability,  yet  they  present  sharp  bow's  to  the 
Avater,  and  have  only  the  resistance  in  water  of  one  boat  of  20  feet  beam, 
■which  diminution  of  resistance  gives  speed  in  crossing, 

"  5th.  The  space  from  "  stem  to  stern,"  that  is,  from  A  A  to  B  B,  oi 
each  boat,  is  20  feet  wide,  which  gives  ample  room  at  each  end  for  car- 
riages or  i^ersons  to  enter  or  go  out  of  the  boat. 

' '  6th.  Both  ends  being  alike,  and  each  having  a  rudder,  she  never  puts 
about.  At  New  York  the  horses  and  carriages  enter  at  one  end  of  the 
boat,  the  horse's  head  towards  Jersey.  On  arriving  they  go  out  at  the 
■other  end,  without  changing  the  line  of  direction  ;  in  like  manner,  when 
coming  from  Jersey  to  Xew  York.  Thus  the  shortest  possible  and  quick- 
est movement  of  all  that  is  to  pass,  is  made  to  save  time  and  secure  conve- 
nience. Her  rudders,  wdiich  are  placed  as  at  C  C,  are  equipollent — the 
iron  shaft  w  hich  serves  as  a  rudder-post  standing  in  the  middle  of  each, 
as  at  jD,  by  which  construction,  the  pressure  of  the  water  being  equal  on 
each  side  of  the  centre,  it  can  go  either  end  foremost.  With  yokes  and 
parallel  bars,  the  movement  of  the  rudders  are  carried  to  the  helms  at 
U  E,  the  only  position  where  the  helmsman  can  have  a  full  view  of  all 
around  the  boat,  and  see  how  to  steer  her  into  dock. 

' '  It  was  at  one  time  my  intention  to  put  a  rudder  on  the  bow  of  each 
l)oat,  and  work  them  by  a  connecting  bar  ;  but  considering  that  such 
rudders,  while  acting  as  bow%  would  be  injured  by  ice  or  destroyed  by 
shocks  against  a  wharf  or  timbers,  and  knowing  that  the  gi-eatest  current 
of  water  is  exactly  behind  the  wheel  and  between  the  two  boats,  I  placed 
them  as  delineated,  where  they  answer  every  desired  purpose  and  are 
guarded  ffom  injury.  In  my  first  sketches  I  had  made  the  inside 
line  of  each  boat  straight,  that  the  water  might  have  a  free  passage 
from  one  end  to  the  other  ;  but  the  disadvantage  of  such  a  mode  of  con- 
struction would  be,  that  the  whole  of  the  inside  lines  woidd  act  as  lee- 
boards,  rendering  it  difficult  to  ^yii  her  about  or  to  Avork  her  up  in  the 
tide.  Had  this  boat  been  moved  by  wind,  such  a  form,  to  prevent  lee- 
way, would  have  been  advantageous  ;  but  moved  by  steam,  the  less  water 
she  di'aws,  the  easier  she  moves  OA^er  it  in  every  direction  the  better, 
her  bottoms  are,  therefore,  made  rounding,  withvery  little  dead  rise. 
Another  material  error  which  would  have  arisen  from  straight  insides, 
Avould  be  that  each  bearing  but  half  a  boat,  the  two  could  not  give  more 
breadth  of  l)eam  or  so  nnicli  buoyancy  as  one  of  the  present  boats  ;  and 
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to  give  the  30  feet  l)eam  it  woiild  be  necessary  to  have  a  vacant  space  be- 
tween the  two  insitles  of  20  feet,  which  long  and  hollow  bearing  would 
produce  weakness.  Such  a  boat,  to  carry  the  same  weight,  would  draw 
near  twice  as  much  water  as  the  present  steamboats,  and  create  a  resist- 
ance in  the  water  equal  to  the  present  resistance  by  breadth  of  beam. 

7th.  F  represents  the  floating  bridges,  of  which  there  is  one  on  each 
side  of  the  river. 

G  is  a  coffer,  twenty-four  feet  long,  twelve  wide,  and  four  deep,  which 
gives  a  superficies  of  two  hundred  and  eighty-eight  feet,  or  nine  tons 
weight  to  press  it  in  the  water  one  foot,  or  one  thousand  five  hun- 
dred pounds  to  press  it  in  the  water  one  inch.  This  great  resist- 
ance gives  stability  while  carriages  or  heavy  wagons  enter  the  boat. 
The  bridge  is  thirty  feet  long,  twenty  wide,  fastened  by  four  strong  hinges 
to  the  coffer  at  H,  and  to  the  wharf  at  /;  thus  the  bridge  rests  and  falls 
with  the  tide,  and  is  always  exactly  even  with  the  end  of  the  boat.  When 
low  water  there  is  an  easy  descent  into  the  boat ;  at  half  flood,  the  boat, 
bridge  and  wharf  are  on  a  level ;  at  high  water  there  is  any  easy  descent 
from  the  boat  to  the  wharf.  As  the  weight  of  the  bridge  is  on  one  edge 
of  the  coffer  at  H,  to  j^revent  its  sinking  on  that  side  and  rising  on  the 
other,  a  chain  is  fastened  to  the  bridge,  which  passes  over  the  pulley  ./, 
with  a  heavy  weight  K.  Such  an  application  on  each  side  of  the  bridge 
j)ulls  it  up  in  the  middle,  and  pushes  down  the  coffer  at  L,  added  to  which, 
a  pine  log,  one  foot  square,  is  bolted  on  each  side  of  the  coffer,  as  at  31,  with 
two  transverse  logs  dovetailed  into  them,  of  which  the  weight  and  levei'- 
age  retain  the  coffer  in  a  horizontal  position.  The  next  and  last  thing  to 
be  discovered,  was  how  to  make  the  boat  arrive  at  the  bridge  without  the 
aid  of  boat  hooks,  or  any  pushing  or  jjuUing  or  loss  of  time  or  shock,  the 
latter  being  the  most  material  to  guard  against ;  for  this  purpose  the 
dock  which  receives  her  is  one  hundred  and  eighty  feet  long,  seventy 
wide  ;  the  bridge  is  fastened  to  the  middle  of  the  bulkhead.  The  boat 
being  only  thirty  feet  wide,  and  the  dock  seventy,  leaves  twenty  feet 
vacant  on  each  of  her  sides  ;  in  these,  twenty  feet  spaces,  and  on  the 
Avater  there  are  floating  stages  made  of  pine  logs,  which  lie  laarallel  to  the 
boat  for  thirty  feet  and  then  run  diagonally  to  the  extreme  end  of  the 
wharves,  so  that  the  boat,  when  coming  in,  hits  within  the  seventy  feet, 
and  the  stages  guide  her  direct  to  the  bridge.  The  stages  are  indicated 
W.  N.  To  prevent  shocks,  there  are  two  pieces  of  timber,  each  eight 
inches  square,  as  at  0,  which  move  on  rollers,  and  run  out  between  the 
bi'idge  and  coffer  ;  the  two  are  connected  by  a  crossbar  P,  and  under  the 
bridge  by  another  crossbar  Q.  To  this  latter  crossbar,  and  on  each  side 
of  the  bridge,  there  are  I'opes  fastened,  which  ropes  pass  under  pulleys  at 
S,  descend  and  fasten  to  buckets  at  T,  which  buckets  of  oak,  strongly 
hooped  with  iron,  are  fifteen  inches  in  diameter,  six  feet  long,  and  when 
fiall  of  water  will  weigh  about  one  thousand  eight  hundred  pounds. 

When  the  fenders  0  are  projected  to  the  position  delineated,  which  is 
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about  ten  feet  from  the  bridge,  the  buckets  are  down  iu  the  water,  leav- 
ing their  upper  rim  about  three  inches  above  the  surface.  .  TFis  the 
weight  of  the  buckets,  which  drives  the  fenders  out  of  their  present  i^osi- 
tion.  Each  bucket  has  four  holes  in  the  bottom,  of  an  inch  diameter, 
by  which  the  water  enters  as  they  descend,  and  which  lets  out  the  water 
as  they  rise,  In  case  the  resistance  should  be  too  great  for  the  boat  to 
come  close  to  the  bridge,  the  water  running  out  of  the  buckets  will 
diminish  it  and  let  the  boat  arrive  at  the  position  required.  To  i^revent 
shock  the  whole  force  must  be  gradually  diminished  to  annihilation  ;  the 
resistance  to  the  boat  must  be  little  in  the  commencement  and  increase 
;intil  the  whole  power  is  destroyed.  Fortunately  this  contrivance  ]pro- 
duces  the  desired  effect.  "When  the  buckets  are  in  the  water,  they  are 
nearly  buoyant;  but  the  moment  the  boat  strikes  the  crossbar  P,  and  it 
begins  to  run  in,  the  buckets  come  gradiially  out  of  water,  and  grow 
heavier  each  inch  they  rise,  increasing  resistance  until  the  momentum  is 
destroyed,  and  the  boat  arrives  at  the  bridge  without  shock,  when  the 
passengers,  carriages  and,  horses  immediately  move  out,  and  others  enter. 

In  the  present  state  of  this  part  of  the  machinery,  to  prevent  shocks, 
it  is  necessary  the  men  should  be  attentive  to  stop  the  engine  in  time. 
The  most  perfect  machinery  is  that  which  leaves  as  little  as  possible  to 
the  cax*e  of  man. 

I  have  some  additions  to  make  w-hicli  will  prevent  the  possibility  of 
shocks,  even  in  cases  where  men  may  mistake  or  be  careless.  In  a  new 
combination  of  this  kind,  it  is  not  to  be  expected  that  everything  should 
work  to  the  best  advantage  in  a  first  experiment,  or  that  evei-y  requisite 
should  be  foreseen.  The  l:)oat  which  I  am  now  constructing  will  have 
some  important  improvements,  particularly  in  the  power  of  the  engine, 
to  overcome  strong  ebb  tides,  from  which  again  other  improvements  will 
be  made,  as  in  all  other  new  inventions.  The  present  boat  crosses  the 
river  in  a  calm  in  fourteen  minutes;  her  average  time  is  twenty  minutes. 

She  has  had  in  her  at  one  time,  eight  four-wheeled  carriages,  twenty- 
nine  horses,  and  one  hundred  iiersons,  and  could  have  taken  three  hun- 
dred persons  more.  From  the  success  of  this  experiment  there  is  the 
pleasing  prospect  that  boats  of  this  kind  will  facilitate  the  passage  of 
many  of  our  wide  rivers  and  bays,  and  prove  an  important  benefit  to  our 
country. 

I  am,  sir,  respectfully. 

Your  most  obedient, 

KoBEET  Fulton." 

The  mode  in  Avhich  the  boats  cross  the  river  causes  the  chief  peculi- 
arities of  the  system.  While,  upon  the  steam  ferries  in  use  in  other 
countries,  the  boats  generally  land  with  their  sides  against  the  shore, 
thus  compelling  a  half  turn  at  least  with  every  crossing  of  the  water,  in 
the  Fulton,  or  American  system,  they  ply  like  shuttles  between  the 
shores,  and  are  loaded  and  unloaded  from  the  ends,  instead  of  from  the 
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sides.  Thus  the  boats  cross  the  river  without  turning,  and  effect  a  ma- 
terial saving  of  time,  besides  adding  to  the  convenience  in  loading  and 
unloading. 

Beyond  a  general  increase  in  size,  but  few  changes  have  been  made 
in  Fulton's  original  design.  Single  hulls  were  substituted  for  the  arrange- 
ment of  double  boats  in  1836,  and  have  been  i^referred  ever  since.  The 
docks  or  slips  have  been  enclosed  with  spring  jjiles,  itstead  of  the 
floating  stages,  and  the  ingenious  buffer  of  Fulton  has  been  dispensed 
■with ;  India  rubber  springs  at  the  hinge  of  the  floating  bridges  being 
substituted,  while  the  boats  are  slowed  upon  their  entrance  into  the 
slips  by  reversing  their  paddle  wheels. 

For  ease  in  loading  and  unloading,  rapidity  in  crossing,  comfort  of 
passengers,  and  cheapness  of  charges,  this  system  is  believed  to  be  supe- 
rior to  that  in  use  in  any  other  part  of  the  world. 

The  particular  ferry  selected  for  illustration  is  that  of  the  Erie  Hall- 
way. This  consists  of  two  lines  from  the  terminus  at  Jersey  City;  one 
to  the  lower  portion  of  the  City  of  New  York,  a  dist'ance  of  1 1'o  miles, 
and  the  other  to  the  upper  portion  of  that  city,  a  little  over  2  miles. 
These  are  served  by  four  ferry  boats,  which  make  4  trips  or  crossings 
per  hour  upon  the  lower,  and  2  per  hour  upon  the  upper  line.  Thus  they 
maintain  a  speed  of  about  4  miles  per  hour,  including  the  time  stopping 
and  starting  and  that  sjyent  in  their  docks.  This  is  generally  about  five 
minutes  on  the  lower  line,  and  is  found  amjily  sufficient  to  unload  and 
reload  400  or  500  foot  passengers,  and  10  to  20  carriages. 

The  "Susquehanna"  (the  boat  illustrated)  is  a  fair  representative  of 
the  line.  She  is  of  921  tons  burden,  with  692  nominal  horse  power,  and 
is  licensed  to  carry  600  foot  passengers,  and  25  two-horse  wagons)  or  as 
alternative  20  coaches,  or  16  double  teams. 

Her  cabins  are  lighted  with  gas,  and  warmed  by  steam,  and  j^rovide 
seats  for  266  passengers. 

The  ferriage  charge  is  3  cents  per  footman  upon  either  line,  thus 
being  at  an  average  rate  of  about  2  cents  per  passenger  per  mile. 

The  docks  or  slips  into  which  these  ferry  boats  run,  are  generally 
about  180  feet  long,  and  about  90  feet  wide,  being  curved  as  shown 
OH  the  plans,  to  corresj^ond  with  the  shai3e  of  the  boat.  They  are 
lined  with  spring  piles,  driven  into  the  mud,  which  yield  and  spring 
back  when  struck  by  a  boat  in  entering  or  leaving.  The  better  to  enable 
the  latter  to  glance  off,  on  such  occasions,  their  guards  are  shod  with 
iron,  and  slushed  with  some  cheap  grease. 

In  some  American  rivers  of  greater  rise  and  fall  than  5  feet,  this  be- 
ing the  mean  tides  in  the  vicinity  of  New  York,  the  approaches  have 
been  made  upon  a  series  of  several  floating  bridges,  hinged  end  to  end, 
and  supported  at  their  junction  iipon  pontoons,  which  ground  successively 
upon  submerged  piers,  so  as  to  present  nearly  the  same  inclination  of 
roadway,  at  the  several  stages  of  the  tide. 
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29.  Pliotograplis  shoiving  interior  of  cabin  and  oii/side  view  of  Mississippi 
river  steamboat  "Grand  Republic."  Also  a  pliotograph  of  a  St.  Louis 
ferry-boat  which  is  typical  of  the  ferry-boats  used  on  the  Mississippi  and 
its  tributaries. 

The  "  Grand  Kej)iTblic  "  was  one  of  the  largest  and  finest  j^assenger 
steamers  on  the  Mississippi  river.  She  ran  between  St.  Loviis  and  New 
Orleans,  a  distance  of  1  200  miles.  She  was  one  of  the  few  Mississippi 
river  boats  jirovided  with  compound  engines. 

The  general  design  of  the  St.  Louis  ferry-boat  is  that  of  two  hulls 
with  a  single  bow;  the  engine  is  placed  in  the  centre,  the  wheel  working 
between  the  hiills,  and  the  cabin  is  overhead.  The  entire  main  deck, 
except  the  part  occupied  by  the  machinery  and  boilers  is  left  open,  and 
forms  a  standing  place  for  teams  and  animals  which  may  be  driven  com- 
pletely around  the  boat.  Tlie  boat  lands  against  a  float  moored  to  the 
shore,  and  teams  drive  on  at  the  side. 


30.   Engine  of  steamer  ''City  of  Neui  York.''^     Also  photographs  of  steamers 
"Bristol,''  "Sunnyside,''  and   "Massachusetts.''' 

The  steamers  "  City  of  New  York  "  and  "City  of  Boston"  were 
built  in  1860,  for  the  passenger  and  freight  business  between  the  cities 
of  New  York  and  New  London  (distance  120  miles),  connecting  at  the 
latter  place  with  railroad  lines  for  the  cities  of  Worcester  and  Boston,  and 
other  jjoints  in  the  interior  of  New  England  ;  one  of  these  steamers 
leaving  either  terminus  of  the  route  every  evening  except  Sunday. 

Their  hulls  were  constructed  in  the  best  manner  by  Samuel  Sneden, 
from  specifications  of  Cliarles  W.  Coj^eland,  the  superintending  engineer 
for  the  steamboat  company.  They  are  not  only  timbered  and  fastened 
in  the  best  manner,  but  have  in  addition,  very  strong  hog  or  truss 
frames,  well  secured  by  iron  straps  and  bolts,  also  upon  the  frame  of 
the  hull  diagonal  iron  straijping  of  flat  bar  iron  fitted  and  fastened  in 
the  manner  usual  in  the  construction  of  seagoing  steamers,  the  uijper 
end  of  the  diagonal  straps  being  riveted  to  a  longitudinal  iron  bar  6 
inches  wide,  which  is  run  around  the  entire  length  of  the  vessel,  just 
below  the  deck  beams,  and  the  lower  ends  terminating  some  distance 
below  the  floor  heads.  These  diagonal  bars  are  rivetted  at  every  cross- 
ing and  bolted  into  every  timber. 

For  the  accommodation  of  passengers,  there  are  82  private  state 
rooms  and  269  berths.  The  cabins  and  state  rooms  are  heated  by  steam, 
which  is  supplied  by  a  small  boiler  jirovided  for  that  and  other  purposes, 
when  the  main  boilers  are  not  under  steam. 

There  is  an  amj^le  provision  of  steam  and  hand  pumps,  and  other  fire 
apparatus,  ready  to  be  broixght  into  use  in  case  of  necessity. 
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These  steamers  are  305  feet  in  length,  38  feet  8  inches  beam,  and  12 
feet  4  inches  hold. 

Their  engines  are  condensing  engines,  and  have  cylinders  80  inches 
diameter  and  12  feet  length  of  stroke,  of  the  lever  beam  type,  with  double 
or  balanced  poppet  valves,  having  "  Stevens  "  cut-off  motion  for  working 
steam  exj)ansively.  They  have  also  "  Sickel's  "  i^atent  heart-motion  Avith 
counterbalance  weight,  to  enable  the  engine  to  be  worked  with  ease  and 
facility  by  one  person. 

The  boilers  are  of  the  return-tubular  type  ;  the  fuel  used  is  anthracite 
coa],  and  the  combustion  is  forced  when  necessary,  by  the  use  of  Demp- 
fel's  i^atent  fan  blowers. 

The  engines  and  boilers  were  constructed  by  the  Novelty  Iron  Works 
from  the  specification  and  drawings  furnished  by  Charles  W.  Cope- 
land.  Their  easy  and  quiet  operation  and  economy,  as  well  as  the  s^jeed 
of  the  vessels,  have  been  all  that  could  have  been  expected,  and  in  these 
respects,  are  not  excelled  by  any  steamers  of  their  class. 

Their  paddle-wheels  are  38  feet  8  inches  diameter,  9  feet  8  inches 
length  of  bucket,  and  28  inches  width  of  bucket.  The  maximum  speed 
of  engine  19  J  revolutions  per  minute,  the  average  being  about  17. 

The  aA^erage  consummation  of  coal  dui'ing  the  first  two  years  of  their 
running  was  seventeen  tons  a  passage,  but  owing  to  tlieir  increased 
weight,  by  additions  and  other  caiises,  the  average  consumption  is  now 
about  nineteen  tons  a  passage. 

These  steamers  carry  full  loads  of  passengers  and  usually  from  250  to 
300  tons  of  freight. 


Pltotographs  of  the  exterior  and  interior  of  the  steamer  '■'Massachusetts.^^ 

The  steamer  "Massachusetts"  Avas  launched  Sej^tember,  1876,  and 
commenced  running  May  7th.  1877.  She  was  built  at  Greenpoint,  Long 
Island,  and  the  launching  weight,  without  machinery  or  joiner-work, 
Avas  1  000  tons.  She  is  3  500  tons  burden,  350  feet  long,  80  feet  breadth, 
and  16  feet  depth  of  hold. 

Her  frames  are  of  white  oak,  locust  and  cedar.  Floor  timbers  of 
Avhite  oak  throughout,  sided,  9  inches  ;  moulded  18  inches.  Spaces  be- 
tAveen  frames  filled  in  solid,  up  to  turn  of  bilge.  Top  timbers  of  locust 
and  cedar  ;  sided  7  inches.  Main  keelson  and  sister  keelsons,  nine  in 
number,  of  Georgia  pine,  13  by  26  inches.  In  addition,  there  are  two 
bilge  keelsons  of  same  material,  14  inches  deej:).  These  keelsons  extend 
entire  length  of  vessel.  The  engine  keelsons  are  of  white  oak  and 
Georgia  pine  ;  length  60  feet,  by  5  feet  3  inches  in  depth  ;  Avidth,  3  feet. 
Bilge  strakes  are  ten  in  number,  9  by  11  inches,  of  Georgia  Y>\\\e.  Ceil- 
ing and  clamps  are  6  inches  thick,  of  Georgia  pine.  Deck  beams  of 
white  i)ine,  8  by  8,  to  15  by  18  inches.    Deck  of  white  pine,  3J^  inches. 


395 

The  frames  of  Imll  are  diagonally  strapijed  with  iron  bars,  4  by  |  inches  ; 
spaced  4  feet.  The  planking  is  of  white  oak  ;  the  bottom  3^  inches,  the 
sides  and  tojis  4  inches.  The  strings  are  of  Georgia  pine,  G  inches  thick, 
three  strakes  in  depth.  The  masts  are  five  in  number,  67  feet  high, 
18  inches  in  diameter  ;  connected  to  each  other  and  to  the  hull  with 
stays  of  iron  2  inches  in  diameter.  The  truss  or  "hog"  frame,  is  40 
feet  high  above  main  deck,  extending  the  entire  length  of  vessel ;  the 
timbers  composing  the  same  of  unsual  strength.  The  iron  rods  and 
straps  combining  the  frame  with  the  liiill,  are  in  proportion  with  the 
timber.     The  guards  are  protected  below  with  lattice  sponsons. 

There  is  a  grand  saloon  or  state-room  hall,  arranged  with  gallery  and 
second  tier  of  rooms.  There  are  two  hundred  rooms,  each  accommodat- 
ing two  persons  ;  there  are  a  number  of  large  rooms.  There  are  two 
hundred  and  twenty  berths  for  first-class  passengers.  There  are  electric 
bells  in  each  room,  connecting  with  the  steward's  dei)artment.  The 
rooms  are  carpeted  with  Wilton,  Axminster  and  velvet ;  furnished  with 
black  walntit  bedsteads,  hair  mattresses,  and  are  excellent  in  every  ap- 
IDointment.  The  steamer  is  lighted  throughout  (including  rooms)  by  gas, 
and  is  heated  by  steam.  The  dining  room  is  on  the  main  deck.  It 
is  free  from  all  sleei^ing  apartments  and  the  foul  air  of  lower  cabins. 
About  three  hundred  and  eighty  thousand  feet  of  lumber  was  used  in 
constructing  the  joiner  work. 

The  machinery  is  an  engine  of  the  vertical  beam  type,  with  a  cylin- 
der of  90  inches  diameter,  and  stroke  of  14  feet. 

The  wheels  are  39  feet  7  inches  diameter. 

The  engine  is  fitted  with  the  Sickel's  adjustable  valve  gear  ard  a 
tubular  surface  condenser,  witla  Lighthall's  patent  tube  heads  and  tube 
packings.  The  refrigerating  water  is  circulated  by  means  of  an  inde- 
pendent centrifugal  jjump,  capable  of  moving  6  000  gallons  of  water  per 
minute.  The  same  pump  is  fitted-  Avith  appliances  by  means  of  which  the 
whole  capacity  could  be  iised  in  freeing  the  vessel  from  water  in  case  of 
severe  leakage. 

The  boilers  are  tubular,  six  in  number,  of  steel.  They  are  circular, 
12  feet  8  inches  in  diameter,  and  each  has  three  circular  furnaces  3  feet  4 
inches  diameter.  The  boilers  are  placed  thwartship  of  the  vessel,  in  the 
hold,  with  fire-room  between,  fore  and  aft.  The  boilers  are  connected 
to  two  independent  steam  "drums  "or  chimneys,  each  boiler  having  a 
separate  shut-off  valve,  which  admits  of  their  use  together  or  separately. 
The  smoke  pipes,  two  in  number,  are  8  feet  in  diameter,  placed  "fore 
and  aft."  In  addition  to  the  ordinary  steam  and  hand  pumps  for  ex- 
tinguishing fire,  steam  pipes  are  run  to  all  parts  of  the  vessel,  so  that  by 
the  simple  turn  of  a  valve,  always  under  tlie  control  of  the  engineer,  a 
fire  can  be  extinguished  before  it  has  fairly  started.  The  engine  is 
capable  of  making  twenty-four  revolutions  per  minute ;  and  when 
making  only  twenty  per  minute  she  acquires  a  speed  of  19^  miles  an 
hour. 
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The  steamer  "  Khocle  Island"  is  similai-  iu  style  and  finish,  and  has 
all  the  improvements  of  the  steamer  "Massachusetts."  She  is  the 
fastest  steamer  leaving  New  York,  and  can  run  twenty- two  miles  per 
hour. 

Both  of  these  steamers  are  steered  by  steam,  having  separate  engines 
for  the  purjaose. 

The  cost  of  these  steamers -"  Massachusetts  "  and  "  Ehode  Island  " 
ready  for  service,  was  $500  000  each,  viz.  : 

Hull .$120  000 

Machinery  and  boilers 180  000 

Joiner  work 90  000 

Furniture  and  equipments 110  000 

They  are  manned  by  a  crew  of  ninety  men,  viz.  : 

Deck  department 26 

Engineers'  department 30 

Stewards'  "  34 

The  "Massachusetts  "  and  "Rhode  Island  ''  are  owned  by  the  Provi- 
dence &  Stonington  Steamship  Company,  which  operates  two  lines  be- 
tween New  York  City  and  New  England,  which  are  known  as  the  Provi- 
dence Line  and  the  Stonington  Line. 

The  route  of  the  Providence  Line,  which  was  first  established  in  1822, 
is  from  New^  Y'ork  City  to  Providence,  Rhode  Island,  by  water,  a  dis- 
tance of  ISJrJ  miles  ;  thence  by  rail  to  Boston,  Massachusetts,  a  distance 
of  42  miles. 

The  Stonington  Line,  established  1836,  is  between  New  York  and  the 
East,  the  boats  running  to  Stonington,  Connecticut,  a  distance  of  120 
miles. 

There  Avere  carried  last  season  upon  the  steamers  of  the  Providence 
Line,  from  May  7th  to  October  4th  over  86  000  passengers  and  224  250 
tons  of  freight.  The  Stonington  Line  steamers  carried  56  270  passengers 
and  327  130  tons  of  freight. 


RAILROAD   ROLLING  STOCK. 


In  no  department  do  American  railroads  differ  more  from  those  of 
Europe  than  in  the  rolling  stock  which  runs  upon  them.  Originally  of 
cheap  and  inferior  construction,  with  sharp  curves  and  irregularities  of 
surface,  these  railroads  demanded  rolling  stock  of  more,  flexible  charac- 
ter than  was  needed  on  the  more  expensive  roads  of  Europe. 

In  the  construction  of  cars,  this  object  was  accomplished  by  the  use 
of  the  independent  truck  ;  which  enabled  long  cars  to  pass  without 
diflSculty  around  very  sharp  cui'ves,  and  accommodated  itself  to  the 
irregularities  of  the  track,  transmitting  to  the  body  of  the  car  simply 
the  resultant  of  the  movements  as  felt  at  the  centre,  where  the  connec- 
tion is  made  with  the  pin.  This  truck  system  is  in  universal  use;  the 
details  of  the  different  trucks  differ  materially,  some  being  largely  of 
wood,  and  others  almost  entirely  of  iron  ;  but  the  one  principle  which 
is  everywhere  followed  is  to  hang  the  long  body  of  the  car  on  two  inde- 
laendent  trucks,  which  are  free  to  rotate  on  pins,  and  which  follow  the 
cuiwe  of  the  track,  while  the  body  of  the  car  takes  the  position  of  a 
chord.  The  only  exceptions  are  in  short  cars  used  for  coal,  and  other 
heavy  freights,  which  have  but  four  wheels,  and  a  few  larger  coal  cars 
of  peculiar  design  in  which  the  axles  are  kept  parallel,  but  free  to  move 
transversely  for  a  moderate  distance. 

American  railroad  cars  may  be  grouiDed  under  the  two  general  classes 
of  passenger  train  equipment  and  freight  train  equipment. 
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The  passenger  train  equii^ment  includes  besides  tlie  coaclies  in  whicli 
passengers  ride,  the  baggage,  mail  and  express  cars,  which  are  carried  on 
the  same  train.  An  express  train  on  a  long  line  is  usually  made  up  in 
the  follcwing  manner  :  a  mail  car,  placed  next  to  the  engine,  and  pro- 
vided with  all  arrangements  for  distributing  mails,  and  for  receiving  and 
delivering  mail  bags  at  stations  where  the  trains  do  not  stoi) ;  an  express 
car  used  exclusively  for  express  freight ;  a  baggage  car  for  the  baggage  of 
passengers  on  the  train  ;  two  or  more  day  passenger  coaches,  each  seating 
about  54  people  ;  one  or  more  sleeping  cars.  On  some  of  the  less  im- 
portant lines,  a  single  car,  divided  into  compartments,  is  made  to  answer 
for  mail,  baggage,  and  express,  while  on  the  other  hand,  on  many  rail- 
roads much  longer  trains  are  required.  A  fully  equipped  first-class 
passenger  train  is  illustrated  by  the  photogxaphs  of  a  train  on  the 
Pennsylvania  Railroad,  with  a  descrij)tion  of  each  class  of  cars. 

The  principal  varieties  of  freight  cars  in  use  are  :  the  flat  car,  a  single 
uncovered  i^latform  ;  the  box  car,  a  house  car  with  doors  on  the  sides  ; 
the  stock  car,  with  tight  roof,  but  sides  made  with  open  slats,  for  carry- 
ing cattle  ;  the  oil  car,  which  consists  of  a  platform  carrying  an  air  tight 
boiler  shaped  tank  of  iron  ;  and  the  coal  car,  of  which  there  is  a  great 
variety  of  patterns.  All  of  these  cars,  except  the  coal  cars,  are  built  with 
two  trucks  and  eight-wheels  of  chilled  cast  iron,  and  measure  about  30 
feet  in  length  as  they  stand  in  a  train.  For  grain  and  general  mer- 
chandise the  eight  wheel  box  car  is  universally  used  ;  these  cars  weigh 
from  17  000  to  20  000  pounds,  and  carry  from  22  000  to  28  000  pounds. 
A  freight  train  is  made  up  of  freight  cars  of  different  varieties,  to  which 
is  always  added  at  the  rear  a  "caboose,"  which  is  a  small  car  of  plain 
construction,  in  which  the  tools,  lamps  and  outfit  of  the  crew  are  carried, 
and  which  is  the  headquarters  of  %he  conductor  of  the  train. 

The  standard  American  locomotive  for  both  passenger  and  freight 
trafiic  is  the  eight-wheel  engine.  The  first  engine  of  this  class  is  said  to 
have  been  designed  by  Mr.  Henry  E.  Campbell,  of  Philadelphia,  in  1836, 
though  the  "  equalizing  beams"  by  which  the  weight  is  distributed  on 
the  driving  wheels  were  introduced  somewhat  later  by  Mr.  Joseph  Har- 
rison, Jr.  The  forward  end  of  the  engine  rests  on  a  four-wlieel  truck 
which  carries  about  one-third  of  the  whole  weight,  the  other  two-thirds 
being  equalized  on  two  pairs  of  driving  wheels.  In  1851  this  class  of 
locomotives  had  substantially  its  ijresent  aj)pearance,  but  was  different  in 
many  details.     It  was  then  usual  to  make  the  locomotives  with  cranks 


399 

and  inside  cylinders,  and  the  reversing  of  the  valve  was  accomislished 
with  the  so-called  hook  motion.  About  the  year  1855,  outside  cylinders 
and  the  shifting  link  valve  motion  came  into  use. 

The  earlier  locomotives  with  outside  cylinders  had  a  rectangular 
smoke  box  and  the  cylinders  were  bolted  to  it ;  this  arrangement  an- 
swered very  well  so  long  as  the  locomotives  were  small,  but  as  their  size 
increased  it  became  customary  to  make  the  smoke  box  round  and  to  fas- 
ten the  cylinders  to  a  large  casting  called  the  saddle,  upon  which  it  rest- 
ed ;  this  was  a  decided  imiirovement,  but  not  so  good  as  the  j)resent 
practice  of  casting  one-half  of  the  saddle  with  each  cylinder,  the  two 
cylinders  being  of  the  same  shape  and  interchangeable. 

For  switching  cars  in  yards  small  locomotives,  the  whole  weight  of 
which  is  carried  on  two  or  sometimes  three  pairs  of  diiving  wheels,  are 
commonly  used  ;  they  are  often  built  with  tanks  over  the  boiler,  so  as  to 
dispense  with  tenders,  but  this  practice  is  by  no  means  universal. 

Upon  raih-oads  where  locomotives  of  greater  power  than  the  stand- 
ard eight-wheel  engine  are  required,  the  practice  was  formerly  to  use  a 
"  ten-wheeler,"  the  peculiarity  of  which  was  that  it  had  three  pairs  of 
driving  wheels  instead  of  two,  the  other  features  of  the  eight-wheel 
engine  being  retained.  On  the  Baltimore  &  Ohio  Railroad,  a  locomotive 
of  i^eculiar  construction,  known  as  a  "camel"  has  long  been  in  use  ;  the 
entire  weight  is  carried  on  four  pairs  of  driving  wheels  ;  the  cylinders  are 
outside  connecting  with  the  third  pair  of  wheels  and  the  cab  is  placed  on 
toi^  of  the  boiler,  directly  behind  the  smoke  stack,  giving  the  engine  a 
singularly  ungainly  look.  But  the  two  classes  of  locomotives  which  are 
now  generally  i^referred  for  heavy  freight  traffic,  esiaecially  on  heavy 
gi-adients,  are  the  "Mogul  "and  the  "Consolidation"  engines,  both  of 
which  are  fully  illustrated  in  the  Society's  exhibit. 

The  "  Mogul  "  has  three  pairs  of  driving  wheels  connected  and  a  two- 
wheel  swing  truck  in  front,  equalized  with  the  front  driving  wheels.  It 
has  rapidly  grown  in  favor  for  freight  service  on  heavy  grades  or  where 
maximum  loads  are  to  be  moved,  and  has  been  adopted  by  several  lead- 
ing lines.  Utilizing,  as  it  does,  nearly  the  entire  weight  of  the  engine 
for  adhesion,  the  main  and  back  pairs  of  driving  wheels  being  equalized 
together,  as  also  the  front  driving  wheels  and  the  pony  wheels,  and  the 
construction  of  the  engine,  with  swing  truck  and  one  jiair  of  driving 
wheels  without  flanges,  allowing  it  to  pass  short  curves  without  difficulty, 
the  "Mogul  "  is  generally  accepted  as  a  type  of  engine  especially  adajited 
to  the  economical  working  of  heavy  freight  traffic. 
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The  original  engine  named  the  "  Consolidation  "  was  built  in  1866  to 
operate  a  grade  of  one  in  forty  on  the  Lehigh  Valley  Railroad  ;  it  had 
cylinders  twenty  by  twenty-four  inches,  four  p-iiirs  of  driving  wheels, 
connected,  forty-eight  inches  in  diameter,  and  a  two-wheel  swing  truck 
in  front,  equalized  with  the  front  dri\dng  wheels.  The  weight  of  the 
engine,  in  working  order,  was  ninety  thousand  pounds,  of  which  all  but 
about  ten  thousand  pounds  was  on  the  driving  wheels.  This  engine  was 
the  first  of  a  class  to  which  it  has  given  its  name,  and  which  are  now- 
recognized  as  the  most  powerful  freight  engines  in  use. 


SUBJECTS  EXHIBITED. 


31.  Photognqjh  of  locomotive  and  of  coal  chute  bridge  in  use  on  PMladelpTiia^ 
Wilmington  &  Baltimore  Railroad.  Designed  bi/  S.  T.  FulIjEB, 
C.  E. 

This  bridge,  which  is  of  iron,  placed  over  the  four  tracks,  has  a 
clear  height  above  same  of  18  feet  and  a  clear  width  of  16  feet,  on  which 
is  laid  a  track  of  3  feet  gauge  for  the  dump  cars.  On  the  side  of  the 
railroad,  at  end  of  and  grade  of  "  coaling  bridge,"  is  a  storehouse,  capa- 
ble of  holding  800  tons  of  coal.  This  storehouse  is  reached  by  a  track 
about  1  000  feet  long,  extending  from  grade  of  railroad  along  the  top  of 
slope,  over  which  the  coal  is  taken  in  ordinary  cars,  the  grade  of  track 
in  storehouse  allowing  the  coal  to  be  dumped  through  the  bottom  of  the 
cars.  Tracks  and  turn-ta1)les  are  provided  to  allow  the  coal  to  be  loaded 
into  cars  holding  one  ton,  and  in  any  part  of  the  storehouse,  and 
moved  by  hand,  passing  over  a  scale  to  the  chutes  on  coaling  bridge. 
These  chutes  are  of  wrought  iron,  18"  x24",  9  feet  long,  and  are  hung  to 
a  shaft  on  under  side  of  bridge,  the  shaft  passing  through  the  upper  side 
of  the  chute,  so  that  their  lower  ends,  when  in  position,  will  be  in  centre 
of  track.  They  are  balanced  by  a  movable  weight  on  the  end  of  an  at- 
tached lever,  so  that  they  will,  when  not  in-  use,  hang  wp  under  the 
bridge.  An  engine  is  coaled  in  from  one-half  minute  to  a  minute  and  a 
half,  without  dust. 

The  second  photograph  shows  the  same  general  arrangement,  except 
that  the  coal  is  raised  vertically  by  steam  power  after  being  loaded  in 
small  cars,  the  storehouse  being  at  grade  of  railroad  ;  and  there  are  two 
chutes  on  each  shaft,  which  allows  two  cars  to  be  dumped  at  once,  and  at 
different  places  in  the  tender. 


32.  Detail  Draioing  of  Sleeping  Car.      Built  by  Messrs.  Gilbert,  Bttsh 
k  Co. 
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33  and  34.  Photograph  and  Detail  Drawing  of  Consolidation  Locomotive. 
Built  for  Erie  Railway  by  Brooks  Locomotive  Wokks,  according  to 
following  Specification. 

Dimensions. —Cylinders,  20"  dia.  and  24"  stroke.  Drivers,  50"  dia. 
outside  of  tires.  Gauge,  4  ft.  8 J  inches.  Fuel,  anthracite  coal.  Total 
wheel  base  of  engine,  22'  10".  Driving  wheel  base,  14'  9".  Weight  in 
working  order— total— about  100,000  lbs.  Weight  on  drivers,  about 
88,000  lbs. 

Boiler — Made  throughout  of  best  quality  of  Otis  steel  -^^"  thick, 
Kiveted  with  \^"  rivets  placed  not  over  2i"  ajiart  from  centre  to  centre. 
All  horizontal  seams  to  be  double  riveted  ;  all  parts  well  and  thoroughly 
stayed,  and  extra  welt  pieces  riveted  to  inside  of  side  sheets,  providing 
double  thickness  of  metal  for  studs  of  exi^ansion  braces.  All  seams  to 
be  properly  caulked.     Boiler  tested  to  180  lbs.  pressure  per  square  inch. 

Waist. — 54"  dia.  at  smoke  box  ends  ;  made  telescopic  and  with  one 
dome  placed  over  fire  box — double  flanged — smoke  box  of  i"  iron. 

Tubes— Of  iron,  No.  13  W.  G.,  200  in  number,  2"  outside  diameter, 
and  135i  inches  in  length  between  tube  plates,  2j  inch  centres  of  tubes. 

Furnace — Of  best  quality  Otis  steel,  123  inches  long  and  33j  inches 
wide  inside  of  mud  ring,  and  44  to  56i  inches  deep  from  bottom  of  mud 
ring  to  under  side  of  crown  sheet  (front  and  back  ends),  all  plates  to  be 
thoroughly  annealed  after  flanging  ;  side  and  back  sheets  -fV  inches  thick, 
crown  sheet  g  inch  thick,  flue  sheets  \  inch  thick,  water  space  3  inches  at 
sides  and  back,  increasing  in  width  at  top,  water  sjiace  in  front  4  inches  ; 
stay  bolts,  made  of  best  Ulster  iron,  I  inch -dia.,  screwed  and  riveted 
to  sheets,  and  not  over  4^  inches  apart  from  centre  to  centre. 

Crown  Bars— Crown  sheet  supj^orted  by  crown  bars,  made  of  two 
pieces  of  wrought  iron,  each  4r'xJ"  section,  set  I  inch  above  crown, 
placed  5-1^6-  inches  centres,  and  bearing  on  side  sheets,  crown  stayed  by 
"braces  to  dome  and  outside  shell  of  boiler. 

Cleaning  Holes. — ^Cleaning  plugs  in  corners  of  firebox,  and  blow  off 
cock  in  front. 

Throttle  Valve — Balance  throttle  valve  of  cast  iron  placed  in  dome. 

Grates— Of  iron  tubes  2"  outside  dia.  No.  4  W.  G. 

Ash  Pans — With  cast  iron  frames  and  slides. 

Smoke  Stack— Erie  Railway  standard. 

Main  Frame Of  best  hammered  iron  made  in  three  sections — main 

frames  forged  solid. 

Front  Rails. — Front  rails  bolted  and  keyed  to  main  frames,  and  with 
front  and  back  lugs  forged  on  for  cylinder  connections. 

Pedestals — Pedestals  protected  from  wear  of  boxes  by  cast  iron 
flanged  wedges.  Pedestal  caps  lugged  and  bolted  to  bottom  rails  of 
frame. 

Truck. — Swinging,  centre  bearing,  two  wheeled  truck,  two  double 
plate  chilled  wheels  of  approved  make  30"  diameter. 
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Axles — Of  best  hammered  iron,  with  inside  journals,  5*  diameter  and 
10  inches  long. 

Springs — Of  best  cast  steel,  tempered  in  oil. 

Cylinders — Of  best  close  grained  iron  as  hard  as  can  be  -^vorked — 
each  cylinder  cast  in  one  piece,  with  half  saddle,  placed  horizontally: 
right  and  left  hand  cylinders  reversible  and  interchangeable,  accnrately 
planed,  fitted  and  bolted  together.  Oil  valves  placed  in  cab  and  con- 
nected to  steam  chests  by  i^ipes  running  nnder  jackets.  Pii^es  proved 
to  200  lbs.  pressure. 

Pistons — Heads  and  followers  of  cast  iron,  fitted  with  Dunbar  pack- 
ing. Piston  rods  of  best  hammered  iron,  ground  and  keyed  to  cross 
heads,  and  secured  to  piston  head  with  brass  nut. 

Guide — Of  wrought  iron,  case  hardened,  fitted  to  wrought  iron  guide 
yoke. 

Crossheads — Of  wrought  iron,  with  wrist  pin  of  wrought  iron,  case 
hardened. 

Valve  Motion. — Most  approved  shifting  link  motion,  gi-aduatedto  cut 
off  equally  at  all  points  of  stroke.  Links,  blocks,  j)ins,  lifting  links 
and  eccentric  rod  jaws  made  of  the  best  hammered  iron,  well  case  hard- 
ened. Kocker  shaft  and  reverse  shaft  of  wrought  iron,  with  arms  forged 
on,  except  vertical  arm  of  reverse  shaft,  which  is  to  be  keyed  on. 

Driving  Wheels.  —  Eight  in  number,  50  inches  in  diameter,  centres  of 
cast  iron,  with  hollow  spokes  and  rim,  and  turned  to  44  inches  diameter 
to  receive  tires. 

Tires — Of  steel,  .3  inches  thick  when  finished,  3  jsair  flanged  5  J  inches 
■wide,  1  pair  plain  6"  wide — the  j)lain  tire  to  be  placed  on  the  main 
wheels. 

Axles — Of  hammered  iron,  excepting  main  axle,  which  is  to  be  of  steel 
— journal  7"  dia.  and  8  inches  long.  Driving  boxes  of  cast  iron,  with 
brass  bearings. 

Springs— Of  best  cast  steel,  tempered  in  oil. 

Rods — Connecting  and  parallel  rods  of  best  hammered  iron,  forged 
solid,  furnished  with  necessary  straps,  keys  and  brasses.  Parallel  rod 
brasses  to  be  babbitted,  the  grooves  for  babbitt  to  n;n  fixll  length  of 
bearings. 

Crank  Pins — Of  hammered  ii'ou,  except  main  pins  Avhich  are  to  be 
of  steel. 

Feed — To  be  supplied  by  one  injector  and  one  pump,  or  two  in- 
jectors, as  directed. 

Watei' — Guide  yoke  made  with  lugs  for  2  pumjjs,  in  case  they  are 
required. 

Cab — Substantially  built  of  hard  wood,  well  seasoned  and  finished, 
and  fitted  together  with  joint  bolts  and  corner  plates. 

Pilot — Oak  frame  and  ash  slats. 

Finish — Cylinders  lagged  with  wood,  and  neatly  cased  with  Russia 
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iron.  Heads  of  cast  irou,  paiutecl.  Steam  chests  witli  cast  iron  toj)s, 
bodies  cased  witli  sheet  iron.  Dome  lagged  with  wood,  with  sheet  iron 
casing  on  body,  and  cast  iron  top  and  bottom  rings.  Boiler  lagged 
with  wood,  neatly  jacketed  and  secured  by  iron  bauds. 

Furniture — Engine  to  be  famished  with  sand  box,  brackets  and  shelf 
to  receive  head  lamp,  bell,  whistle,  heater,  blower  and  safety  valve, 
steam  gauge,  cab  lamp,  gauge  cocks,  oil  cans  and. tallow  pot.  Also  a 
complete  set  of  tools,  consisting  of  two  jack  screws,  one  pinch  bar,  a 
complete  set  of  wrenches  to  fit  all  bolts  and  nuts  on  engine,  one  monkey 
wrench,  hammer,  chisels,  cab  seat  cushions,  poker,  scraper  and  slice  bar. 

Painting. — Engine  and  tender  to  be  i^ainted  and  varnished. 

Gauges — General  features  of  construction — all  principal  parts  of  en- 
gines accurately  fitted  to  gauges  and  templates  and  thoroughly  inter- 
changeable. 

Case  Hardening— All  finished  movable  nuts,  and  all  wearing  surfaces 
of  machinery,  to  be  of  steel  or  wrought  iron,  case  hardened. 

Threads — To  be  United  States  standard,  as  designed  by  "Wm.  Sellers 
for  Franklin  Institute,  of  Philadelphia.  Absolute  accuracy  in  this  in- 
sisted upon. 

Tank—  Tank  strongly  put  together  with  angle  iron  corners,  and  well 
braced.  To  be  made  of  -.%  iron,  riveted  mth  |  rivets.  1^  inches  j)itch. 
Capacity  2,500  gallons. 

Frame — Of  wrought  iron,  as  i^er  tracing. 

Truck— Of  wrought  iron  frames,  with  wooden  battens;  chilled 
wheels,  of  approved  make,  30  inches  dia. ;  brakes  on  rear  tender  truck. 

Axles — Of  best  hammered  iron;  outside  journals  Scinches  dia.  and  7 
inches  long;  oil  tight  boxes,  with  brass  bearings. 

Tool  Boxes — Of  hard  Avood,  bound  with  iron — one  box  at  back  end 
of  tender  frame,  and  two  boxes  on  top  of  tank. 


35.   Photograph  and  Detail  Draioiiig  of  First-class  Passenger  Coach.    Built 
hy  the  Wabash  RAHiWAY  Company. 

Wabash  Eailway,  Coach  No.  6.  Extreme  length  of  car,  including 
j)ldtform,  60  feet  5  inches.  Width  over  all,  10  feet  4  inches.  Outside 
height,  10  feet  4  inches.  Car  is  furnished  with  Miller  platform  and 
wrought-iron  drawbar.  Has  two  six-wheel  trucks.  Extreme  length  of 
truck,  13  feet.  Width,  6  feet  1\  inches,  with  wheel  centres  4  feet  8  inches 
apart. 

Interior  of  car.  Extreme  inside  length,  53  feet  3  inches.  Inside 
width,  9  feet.  Inside  height,  9  feet  4  inches.  Inside  width  of  upper 
deck  (monitor  top),  4  feet  8  inches.  Finished  with  white  ash  with  black 
walnut  trimming.     Number  of  windows,  40,  18  on  each  side  of  car  and 
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2  at  each  end.  Door  at  each  end  of  car.  Car  contains  15  double  seats 
on  a  side,  seating  60  people.  Cushions  ujjholstered  with  red  plush, 
•with  green  plush  backs.  Saloon  at  each  end  of  car.  Car  is  heated  by 
two  hot-air  stoves. 


36.  Detail  Drawing  of  Freight  Locomotive.  Mogul  pattern,  in  tcseon  Louis- 
ville &  Nasliville  Railroad.  Designed  by  Feed,  de  Funiak,  C.  E. 
and  M.  E. 

The  engine  is  outside  connected  and  sujjported  on  eight  wheels,  three 
pairs  of  which  are  coupled  driving  wheels,  one  pair  of  them  behind, 
and  two  jiairs  in  front  of  the  furnace.  The  front  end  of  engine  is  sup- 
ported by  a  single  i^air  of  truck  wheels.  Rigid  wheel-base  15  feet.  Total 
wheel  base  of  engine  22  feet  4  inches. 

Cylinders. 
Are  horizontal,  18  inches  diameter,  with  24  inches  stroke  of  piston, 
and  84  inches  apart  from  centre  to  centre  ;  half  the  "  saddle"  or  bed  plate 
is  cast  on  each  cyHnder. 

Driving    Wheels. 
Of  cast  iron,  with  steel  tires  shrunk  on.     Rear  and  front  pair  with 
flanged  tires  5  J  inches  wide.     Middle  jsair  with  flat  tires  6  inches  wide. 
Diameter  of  drivers  54  inches. 

Engine  Frame. 
Solid  bar  iron  3x4  inches  with  the  pedestal  jaws  forged  on.    Front 
6nd  of  frame  securely  bolted  to  the  cylinder  bed  or  saddle. 

Engine  Truck. 
Single  i)air  of  truck  wheels  30  inches  diameter  in  radiating  frame,  and 
connected  by  equalizing  levers  with  the  front  drivers. 

Boiler. 
Straight  on  top,  with  one  steam  dome,  Shell  of  boiler  I  iron.  Smallest 
ring  of  waist  50  inches  diameter.  Furnace  outside  5  feet  8  inches,  by 
5  feet  11  inches.  Fire  box  of  steel  Q>ih  inches  by  36i  inches  inside  ;  tube 
sheet  3  inches,  sides  and  crown-sheet  {\  inches.  Tubes  170  of  lap-welded 
C  C.  iron  2  inches  outside  diameter  by  11  feet  4  inches  long  with  %  inch 
water  space  between  them. 

Heating  Surface. 

In  fire  box 102  square  feet. 

"  tubes 1020      "         " 

Total  heating  surface 1122      "         " 

Grate  Bars. 
Of  cast  iron,  in  pairs,  have  joui-nals  on  ends  and  arranged  for  rocking 
motion.     Amount  of  grate  surface  15  i  square  feet. 
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Smoke    Stack. 
Of  cast  iron  ,%  iiicli  thick  with  a  deflecting  cone  casting  in  top  and 
spark  arrester  of  No.  10  steel  wire  four  meshes  to  inch  across  the  top. 

Valve  Motion. 
Slide  valves  of  the  "  Z)  "  pattern,  with  Si  inch  travel.     Oiitside  lap  } 
inch.     Valves  are  connected  to  upper  arms  of  rockers  by  valve  stems,  the 
lower  arms  of  rockers  are  attached  to  the  usual  "shifting"  links  con- 
nected by  eccentric  rods  to  eccentrics  on  the  main  driving  axle. 

Tender. 
On  eight  wheels  30  inches  diameter.     Capacity  of  tank  2  800  gallons; 
with  space  for  200  bushels  of   coal.      "Weight  of   tender  emj)ty  18  500 
pounds. 

Weight  of  Engine. 

On  driving  wheels 66  000  pounds. 

On  truck  wheels 14  000        " 

Total  weight  in  running  order 80  000        " 

Note. — There  is  no  pmiip  on  engine,  tlie  feed  water  being  supplied  to  boiler  by  two  No.  7 
improved  injectors. 


38.  Photographs  of  Locomotives,  built  by  Danfoeth  Locomotive   &  Ma- 
chine Company. 


39.  Photograph  of  Snow  Plow  on  Kansas  Pacific  Kailway, 


40.  Detail  Drawings  of  Freight  Cars  with  iron  trucks  in  use  07i  the  Chicago, 
Burlington  &  Quincy  Railroad. 

Three  patterns,  viz. ,  box  cars  for  grain  ;  combination  cars  for  cattle 
or  goods  and  flat  cars. 


41.  Drawing  of  Iron  Coal  Car. 

The  peculiarity  of  this  car  is  the  attachment  of  the  axles  to  the  body 
of  the  car;  the  attachment  being  made  by  side  levers  which  are  jjivoted 
at  the  centre,  thus  allowing  the  axles  to  move  transversely,  but  keeping 
them  always  parallel. 
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42.  Photographs  and  Draw  in  gs^  of  Passenger  and  other  Locomotives.  Fire- 
less  locomotives  in  use  in  New  Orleans. 
These  fireless  locomotives  are  used  on  street  railways  ;  they  are  charged 
witli  steam  to  a  pressure  of  120  pounds,  and  run  two  and  a  half  miles  and 
back,  the  steam  pressure  being  reduced  to  60  pounds  at  the  end  of  the  five 
mile  trip. 

Photographs  of  Locomotive  and  Passenger   Train  on  the   Pennsylvania 
Railroad.     (See  Plate  LII. ) 

The  train  is  composed  of  a  Passenger  Locomotive  and  nine  cars. 
Westiughouse  automatic  air  brake  of  the  latest  arrangements  ;  there  are 
also  hand  brakes  acting  independently  of  the  air  brakes.  Janney  Coupler, 
side  buffers  and  platform  recently  adopted  by  the  Pennsylvania  Railroad. 

Locomotive  64  is  a  Pennsylvania  Railroad  standard  class  "  C,"  Loco- 
motive for  burning  bituminous  coal.  The  cylinders  are  17  inches  by  24 
inches.  The  driving  wheels  are  62  inches  in  diameter.  The  boiler  is  of 
steel,  and  contains  155  iron  tubes,  2  inches  inside  diameter,  128 1\  inches 
long.  The  fire  grate  area  is  17.6  square  feet,  and  total  heating  surface 
of  tubes  and  fire-box  1056.98  square  feet.  The  weight  of  the  locomotive 
ready  for  the  road  is  75  500  pounds.  The  tender  has  a  capacity  of  2  400 
gallons  of  water  and  8  000  pounds  of  coal,  and  is  fitted  with  water  scoop 
for  taking  up  water  while  running,  for  which  purpose  water  troughs  are 
located  between  the  rails  at  certain  j)oints. 

United  States  Postal  Cars  24  and  25  (both  alike),  length  60  feet,  width  8 
feet  7  inches,  height  9  feet  4  inches.  The  cars  have  doors  at  both  ends  and 
two  double  doors  on  each  side  ;  there  are  11  windows  on  sides  and  36  in 
iTpper  deck.  Each  car  contains  the  following  furniture  :  Bin  22  feet  5 
inches  long,  divided  by  upright  posts  into  5  compartments  for  storing 
pouches.  Bin  16  feet  3  inches  long  divided  by  upright  posts  into  3  com- 
l^artments  for  storing  pouches.  Two  racks  16  feet  long,  2  feet  v/ide  with 
hooks  for  hanging  mail  bags.  One  rack  5  feet  6  inches  long,  3  feet  wide 
with  hooks  for  hanging.mail  bags.  One  table  2  feet  5  inches  high,  26  inches 
wide,  17  feet  2  inches  long,  with  mail  boxes,  drawers  and  closets  under- 
neath. One  table  16  feet  long,  2  feet  2  inches  wide  ;  one  letter  case  on 
end  table,  containing  600  pigeon  holes  4  inches  by  4i  inches.  Two  paper 
cases  containing  16  pigeon  holes  each,  eight  being  10  inches  wide  and  21 
inches  deep  ;  seven  12  inches  wide  and  21  inches  deep,  and  one  12j  inches 
by  21  inches  deep.  Besides  the  above  mentioned  furniture  each  car  con- 
tains a  water  closet,  Baker  heater,  wash  stand,  closet  for  clothes,  water 
reservoir  and  the  necessary  lamps.  The  weight  of  these  cars  when  empty 
is  about  51  000  pounds  each.  The  average  weight  of  mail  matter  carried 
per  records,  is  as  follows  : 

General  daily  average  for  70  days 9  8(52  pounds. 

Daily  average  for  highest  7  days 15  745       " 

Maximum  one  day 18  537       " 

The  oars  are  oarried  on  six  wheeled  trucks. 
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Express  Car  46  is  of  tlie  ordinary  style  used  by  tlie  Pennsylviiuia 
Kailroad.  Length  of  body  40  feet  li  inches  ;  outside  width  9  feet  4i 
inches;  outside  height,  8  feet  1  inch.  Sliding  doors  on  sides,  5  feet  6  inches 
wide,  end  jjlatforms  but  no  end  doors,  thus  cutting  off  communication 
with  the  train  in  order  to  ensure  safety  of  express  matter  ;  ventilators  on 
sides  but  no  windows.  Hand  brake  can  be  aj)plied  as  well  from  inside  of 
car  as  from  the  end  platforms.  The  weight  of  this  car  is  about  30  000 
pounds.  The  car  is  carried  on  four  wheeled  jDassenger  car  trucks,  Penn- 
sylvania Railroad  standard. 

Baggnge  car  No.  70  is  40  feet  1^  inches  long  outside,  9  feet  4^  inches 
wide  outside,  8  feet  1  inch  high  outside  ;  has  side  doors  5  feet  6  inches 
wide,  end  doors  2  feet  1  inch  wide,  and.  2  windows  on  each  side,  also 
end  platforms.  Hand  brake  can  be  applied  from  inside  of  car.  The 
weight  of  this  car  is  about  30  400  pounds.  The  car  is  carried  on  four 
wheeled  pas.senger  car  trucks,  Pennsylvania  Railroad  Standard. 

Passenger  Cars  574  and  578  (both  alike).  The  length  of  body  is  46  feet 
7  inches,  outside  ;  the  width,  at  cornice,  9  feet  8  inches  ;  10  feet  8  J  inches 
high.  These  cars  will  seat  54  passengers  each.  At  one  end  of  the  car  is 
a  cabinet  containing  urinal  and  water-closet,  also  the  water  tank  for  ice 
water  ;  on  the  outside  of  the  cabinet  is  the  water  spigot  and  splash  basin. 
There  are  fifteen  windows  on  each  side,  two  at  each  end,  besides  a  glass 
panel  in  the  doors  ;  the  upper  deck  has  thirteen  lights  on  each  side  ; 
these  latter  are  movable,  so  as  to  act  as  exhausting  ventilators.  The 
finish  of  the  car  is  in  maple,  cherry  and  ash.  The  cars  are  carried  on 
four-wheeled  passenger  car  trucks.  The  weight  of  each  car  is  about 
89,000  pounds  without  passengers. 

Pullman  Palace  Parlor  Car,  No,  209.  The  length  of  car  is  58  feet  1 
inch;  width,  at  eaves,  9  feet  11  inches.  It  contains,  in  addition  to  the  main 
compartment,  two  drawing-rooms,  6  feet  6  inches  by  7  feet  (seating  five 
persons  each).  Total  seating  cajaacity,  forty-four  j)ersons.  The  car  is 
lighted  by  thirty-four  windows  on  the  sides,  and  twenty-four  ventilators 
or  deck  sash  openings.  The  trucks  are  of  the  six-wheeled  jjatern  used 
on  Pennsylvania  Railroad.  The  total  weight  of  car,  without  passengers, 
is  54,000  j)ouuds. 

Pullman  Palace  Sleeping  Car,  No.  272.  The  length  of  car  is  52  feet 
2  inches  ;  width,  at  eaves,  10  feet  0^  inches.  The  car  contains,  in  addi- 
tion to  the  main  compartments,  a  state  room  6  feet  by  32  inches,  seating 
four  persons.  Total  seating  capacity,  fifty-four  persons.  The  trucks  are 
of  the  six-wheeled  Pennsylvania  Railroad  pattern.  The  total  weight  of 
car,  without  passengers,  is  54,000  pounds. 

Pullman  Palace  Sleej)ing  Car,  No.  291.  The  car  has  a  length  of  56 
feet ;  a  width,  at  eaves,  of  10  feet  1  inch.  The  main  compartment  seats 
forty-six  persons,  and  the  smoking  room,  6  feet  by  6  feet,  four  persons. 
The  car  is  lighted  by  eight  single  and  thirty  double  windows,  and  has 
thii-ty-four  ventilators  in  deck,  and  end  ventilation.  The  trucks  are  of 
the  six-wheeled  pattern.  The  total  weight  of  the  car,  without  pas- 
sengers, is  55,000  poimds. 


RIVERS  AND    HARBORS. 


The  river  and  harbor  imijrovements  in  the  United  States  have  been, 
Tvith  very  few  exceptions,  executed  by  the  General  Government.  Previous 
to  the  late  civil  war  quite  a  number  of  small  works  were  undertaken,  and 
also  some  of  considerable  importance.  Among  the  more  extensive 
earlier  works  was  the  Delaware  Breakwater,  a  structure  of  considerable 
size  and  importance,  as  forming  a  harbor  of  refuge  immediately  north 
of  Cajje  Henlopen,  at  the  entrance  to  Delaware  Bay.  Another  imi^ort- 
ant  improvement  early  discussed  was  the  removal  of  the  rocks  at  Hell 
Gate,  in  the  easterly  entrance  to  the  New  York  harbor,  which  has  been 
so  successfully  carried  out  within  the  jjast  few  years.  Since  the  civil 
war  the  field  of  government  improvements  has  been  greatly  enlarged, 
and  there  is  scarcely  a  navigable  stream  in  the  country  lapon  which  some 
work  has  not  been  done  in  improving  the  channel.  Almost  every  har- 
bor on  the  coast  has  also  been  the  subject  of  small  annual  appropriations 
to  improve  its  entrance. 

A  very  complete  description  of  the  Government  works  will  be  found 
in  the  Annual  Keports  of  the  Chief  of  Engineers  United  States  Army, 
for  the  years  from  1866  to  1876,  inclusive.  A  general  report  of  the 
works  in  pi-ogres  up  to  that  time  was  made  in  1866,  since  which  time  the 
annual  rejDorts  describe  what  has  been  done  during  each  year.  There 
are  also  many  valuable  reports  relating  to  I'ivers  and  harbors  among  the 
professional  papers  of  the  Corps  of  Engineers.  Among  them  is  the  Report 
upon  the  Physics  and  Hydraulics  of  the  Mississippi  River,  by  Generals 
Humphreys  and  Abbot. 

Among  the  more  important  works  now  in  progress  are  the  New 
York  Harbor  Improvements,  which  embrace  the  removal  of  the  re- 
maining obstructions  at  Hell  Gate,  in  the  East  river,  by  the  United 
States ;  the  construction  of  a  permanent  masonry  wall,  with  lirojecting 
piers,  around  the  city,  the  improvement  of  the  channel  of  the  Hudson 
river  and  connecting  the  Hudson  and  the  lower  Harlem  river  by  a  ship 
■canal  across  Manhattan  Island,  thus  ojjening  navigation  between  the 
Hudson  and  the  East  river  or  entrance  to  Long  Island  Sound. 
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The  most  noted  Avork  now  going  on  is,  j^erhaps,  the  construction 
of  the  jetties  at  the  month  of  the  South  Pass  of  the  Mississippi  river. 
This  work  has  been  vigorously  pushed  by  its  originator.  The  jetties 
have  been  constructed  of  mattresses  of  fascines  loaded  with  stone,  and 
extended  to  the  length  originally  proposed.  By  the  aid  of  dredging 
between  the  jetties  in  j)laces,  in  connection  with  the  scouring  effect 
secured  by  the  jetties,  a  channel  has  been  obtained  more  than  22  feet  in 
depth. 

The  very  important  question  of  embanking  the  Mississijipi  to  protect 
and  reclaim  the  great  alluvial  tracts  upon  each  side,  as  a  Government 
measure,  is  now  being  agitated.  Thus  far  the  the  levee  system  has  been 
carried  on  by  State  Governments  and  private  enterpi-ise,  and  has  been 
but  imperfectly  done. 

Another  gi-eat  scheme  of  improvement  along  the  Atlantic  seaboard, 
which  was  proposed  some  forty  years  ago,  is  now  likely  to  be  carried  out. 
This  is  an  internal  water  communication  from  New  York  to  Florida. 
There  is  a  chain  of  salt  water  sounds  just  back  of  the  outer  coast,  extend- 
ing through  North  and  South  Carolina  and  Georgia,  that  can  be  made- 
available  for  a  continuous  water  communication,  and  there  is  already  a 
communication  for  small  craft  from  New  York,  to  Newbern,  North  Caro- 
lina. A  canal  is  now  projected  between  the  Neuse  and  Cajae  Fear  rivers 
in  North  Carolina,  as  part  of  the  general  scheme. 

The  National  Government  is  at  pi'esent  conducting  two  important 
surveys  relating  to  navigation.  One,  the  coast  survey  embracing  the 
entire  seaboard,  and  the  other  the  survey  of  the  Great  Lakes  :  both  of 
which  are  being  executed  with  great  accuracy.  The  coast  survey  is 
under  the  immediate  control  of  the  Treasury  Department,  and  is  chiefly 
conducted  by  civilians,  while  the  Lake  survey  is  under  the  immediate 
control  of  the  War  Department,  and  is  conducted  by  the  Unifed  State& 
Engineer  Cordis. 


SUBJECTS    EXHIBITED. 


43  and  M.  PJiotographs  of  detail  drawings  of  Iron  Snag  Boat  "  McComb," 
built  for  use  on  the  Missouri  river.     Desig7ied  by  Major  Chakles  R. 
SuTER,  Corps  of  Engineers,  U.  S.  A. 
The  Missouri  river  is  a  stream  of  very  changeable  regimen  ;  it  is  con- 
stantly washing  its  banks  and  changing  the  course  of  its  channel ;  large 
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quantities  of  drift  wood  are  brouglit  down  by  every  flood,  among  them 
logs  and  entire  trees  wliich  caught  in  the  bottom  of  the  river  often 
remain  anchored  there,  the  upper  end  being  a  little  above  or  below  the 
surface  of  the  water ;  these  are  the  well  known  snags  so  dangerous  to 
navigation.  The  "McComb"  was  built  to  remove  them,  and  is  pro- 
vided with  a  variety  of  machinery  for  pulling  them  up  and  cutting  them 
in  pieces. 


■45.   Photograph  of  Mouth  of  Hell  Gate  Mine,  New  York  Harbor. 

46.  Photographs  of  Dredge  Boats,  one  pattern  furnished  by  Vulcan  Iron 
Works,  Chicago;  one  by  V^.  H.  Newton,  C.  E.,  of  Chicago;  one  by 
K.   G.  Packabd,  C.  E.,  of  Brooklyn. 

Description  of  the  Atlantic   Dredging    Coinpany^s   Dredge   Boat  No.    6. 
Built  by  R.  G.  Packaed,  C.  E.     See  Plate  LIII. 

This  dredge,  which  is  equipped  with  a  grapple,  opening  15  feet  for 
stone,  and  a  ijair  of  clam-shell  buckets  containing  10  cubic  yards  for 
mud,  is  capable  of  dredging  in  150  feet  of  water.  The  hull  is  115  feet 
long,  37  feet  wide,  and  12  feet  depth  of  sides. 

The  cylinders  (2)  are  26"  diameter  and  24"  stroke,  horizontal  and  re- 
versible, working  together  u]pon  one  shaft,  driving  two  drums  3'  in 
diameter,  which  drums  have  friction  clutches  12'  in  diameter.  The 
jjinions  and  gears  of  these  main  drums  are  3'  and  12"  in  diameter,  4" 
pitch  and  12"  face.  The  two  main  chains  are  short  linked,  made  of  Bur- 
den's best  wrought  iron,  Ij"  in  diameter.  In  lifting  heavy  weights, 
which  are  sometimes  from  50  to  60  tons,  both  chains  are  used. 

The  dredge  is  moved  by  six  horizontal  winch  heads,  actuated  by  in- 
dependent engines,  which  will  pull  it,  with  loaded  scow,  against  a  7  or  8 
mile  current ;  each  winch  head  has  its  own  friction  clutch  and  band,  so 
that  either  or  any  can  be  driven  while  the  others  hold. 

Besides  the  ordinary  anchors,  the  forward  end  of  the  dredge  is  held 
by  an  oak  spud,  2'  x  2',  50'  long,  worked  by  a  friction  drum  driven  by 
the  auxiliary  engines. 

The  boiler  is  18'  4"  long,  7'  diameter,  and  has  2 furnaces  9'  long;  10 
flues  7'  long,  and  65  four-inch  return  flues  each  16i'  long  ;  it  "ndll  carry  85 
lbs.  of  steam. 

When  dredging  in  mud  two  buckets  full  per  minute  are  deposited  in 
scow  alongside,  when  the  dej^th  is  not  over  20  feet. 


47.  Photograph  of  hull  of  (Juited  Slates  Dredge  Boat  "  McAlister."    De- 
signed by  Edwaed  Maksland,  C.  E. 
The  propeller  screw  of  this  boat  is  used  to  loosen  the  material,  which 
is  then  removed  by  a  current  of  water  produced  by  a  pump. 
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48.  Detail  Drawings  slwiving  system  of  Levee  Construction  in  Louisiana. 
Contributed  by  Louisiana  Board  of  State  Engesteees. 

These  comisrise  four  maps,  viz.  : 

A  map  of  a  "cut-off,"  wliicli  is  tlie  most  active  agent  in  causing  the 
caving  of  banks,  the  destruction  of  levees  and  the  opening  of  crevasses. 

Two  maps  of  a  crevasse,  one  of  the  immediate  scene  and  the  other  of 
the  country  devastated.  Crevasses  chiefly  occur  on  the  concave  sides  of 
bends  from  the  caving  of  banks  and  of  the  levees  located  thereon.  Accre- 
tions form  on  the  opposite  point. 

A  map  with  sections  and  profile  of  a  levee  built  to  close  a  crevasse. 

The  "  cut-off"  selected  as  a  type  is  at  Davis  Bend,  about  four  hun- 
dred and  sixty  miles  above  the  head  of  the  passes  of  the  river  and  three 
hundred  and  fifty-four  miles  above  the  City  ol  New  Orleans.  Here  the 
concave  bends  above  and  below  the  point  caved  in,  vintil,  in  1867,  the 
neck  or  isthmus  was  broken  through,  and  twenty  miles  eliminated  from 
the  length  of  the  river.  The  fall  of  these  twenty  miles  was  three-tenths 
of  a  foot  per  mile,  or  five  feet  for  the  entire  distance,  which  was  concen- 
trated into  one-half  mile  by  the  "cut-off."  The  river  immediately 
began  to  restore  its  length  and  regimen  by  cutting  into  the  concave 
banks  of  all  bends  above  and  below.  This  result  was  distributed  with 
an  energy  diminishing,  but  still  sufficient  to  necessitate  the  construction 
of  new  levees,  at  each  bend  for  seventy -five  miles  above  and  one  hundred 
and  twenty -five  miles  below  the  "  cut-off." 

The  type  of  crevasses  selected  is  at  Bonnet  Carre,  one  hundred  and 
forty  miles  above  the  head  of  the  passes  and  thirty-four  miles  above  the 
City  of  Xew  Orleans.  In  this  bend  five  crevasses  have  occurred  in  the 
last  twenty-five  years.  The  present  break  has  been  running  since  1874. 
It  overflows  ujiwards  of  one  hundred  square  miles  of  land,  capable  of 
laroducing  a  crop  of  2  000  pounds  of  sugar  per  acre,  and  a  large  swamj) 
tract.  Lake  Pontchartrain,  in  the  rear  of  the  crevasse,  valuable  for 
navigation,  sanitary  and  drainage  purposes,  is  much  impaired  by  deposit 
brought  in  the  water  from  the  crevasses. 

The  closing  of . crevasses  is  exemplified  by  a  map  of  the  "  Bass  Levee," 
built  in  1877,  about  five  hundred  and  fifty  miles  above  the  head  of  the 
passes.  The  crevasse  closed  thereby  had  been  running  since  1873,  with 
results  more  disastrous  than  those  at  Bonnet  Carre.  The  new  levee  is 
five  and  a  half  miles  long,  height  varying  from  6.5  to  21.3;  average  10.8 
feet.  Slopes  3  to  1.  Contents  487  991  cubic  yards.  Cost  $120,373.tVo-, 
at  24  cents  per  cubic  yard. 


Two  Models  of  the  South  Pass  of  the  Mississippi  River,  showing  Jetties 

constructed  by  James  B.  Eads,  C.  E. 

The  first  model  represents  the  mouth  of  the  South  Pass  as  it  was  in 

May,  1875.      It   shows  the   eastern   and  western  land  ends,   and  the 

gradual  rise  of  the  bottom  towards  the  crest  of  the  bar.     The  upheavals 
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of  the  Gulf  bottom  beyond  the  bar-crests  are  the  mud  lumps,  character- 
istic in  the  formation  of  the  delta  of  the  Mississij^pi  River.  The  sound- 
ings Avhich  have  been  used  in  the  j^reparation  of  this  model  were  made 
by  the  officers  of  the  United  States  Coast  Survey,  as  shown  by  their 
chart,  in  May,  1875.  The  depth  which  then  could  be  carried  over  the 
bar  into  the  Gulf  of  Mexico  wa^  nine  feet  at  average  flood  tide. 

The  second  model  represents  the  month  of  the  South  Pass  as  it  was 
in  April,  1878,  after  being  imjaroved  for  navigation  by  the  application  of 
jetties.  The  location  of  the  jetties  is  indicated  by  light  colored  walls, 
and  the  height  given  to  them  corresjjonds  with  the  elevation  the  stone- 
eovering  will  have  after  the  jetties  are  finished. 

The  jetties  are  constructed  of  willow  mattresses,  which  are  sunk  by 
stone.  The  small  dams  projecting  into  the  channel  are  wing  dams  of 
temporary  character  and  importance  ;  they  are  designed  to  hasten  the 
scour  in  the  centre.  The  soundings  which  have  been  used  in  the  pre- 
paration of  this  model  were  made  in  April,  1878. 

By  comparing  the  two  models  with  each  other,  the  following  facts 
will  appear : 

1.  A  channel  has  been  excavated  throughout  the  entire  length  of  the 
old  bar  large  enough  to  permit  the  passage  of  ocean  vessels  of  2'di  feet 
draft  from  New  Orleans  to  the  Gulf. 

2.  No  new  formation  of  the  bar  beyond  the  sea  ends  of  the  jetties  has 
taken  place.  The  models  show  the  summits  of  the  old  lumps  to  have 
been  worn  away  by  the  power  of  the  deep  fresh  water  current  which 
emei'ges  from  the  mouth  of  the  jetties. 

3.  The  bottom  at  the  sea  sides  of  the  jetty  walls  has  filled  up  nearly 
to  the  height  of  the  jetties,  thus  giving  a  complete  j^rotection  to  the 
jetties  from  storms  and  waves. 

4.  Considerable  changes  in  the  outlines  of  the  shore  line  have  taken 
place,  due  to  the  confinement  of  the  water  in  one  narrow  channel. 


Draxcings  of  Inclined  Plane  and  Caisson  connecting  the  Chesapeake  and 
Ohio  Canal  with  the  Potomac  River  at  Georgetoicn,  D.  C.  William 
E.  HuTTON,  Engineer.     (See  Plate  LIV. ) 

The  work  consists  of  a  caisson,  in  which  the  barge  floats,  traveling- 
upon  the  rails  of  an  inclined  plune  from  the  head  bay  at  the  Canal,  to 
descend  into  the  water  of  the  river.  It  is  balanced  by  two  counter- 
weights, and  the  motive  i^ower  is  supplied  by  a  turbine  wheel,  w^orked  by 
water  from  the  canal,  which  turns  the  grooved  pulleys  around  which  the 
cables  pass  which  connect  the  caisson  with  the  counterweights.  The 
caisson  is  of  i^late  iron  and  rolled  beams,  the  counterweights  are  timber 
frames  filled  with  masonry. 

Each  cable  is  attached  to  the  head  wall,  passes  through  a  sheave  on 
the  counterweight,  makes  two  and  a  half  turns  around  the  pair  of  grooved 
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wheels,  and  is  attaclicHl  to  the  caisson  ;  by  this  arrangement  the  ti'avel  of 
the  counterweights  is  but  half  that  of  the  caisson. 

The  grade  of  the  main  track  is  one  in  twelve — that  of  the  counter- 
weight tracks,  one  in  ten,  and  at  the  upper  end,  one  in  twenty.  The 
grade  was  made  lighter  at  the  upi3er  part  to  relieve  the  tension  of  the- 
cables  on  the  side  of  the  counterweights  when  the  caisson  is  immersed. 
On  account  of  the  variation  of  the  level  of  the  river  surface,  the  dimin- 
ished weight  of  the  immersed  caisson  cannot  be  entirely  compensated  by 
this  arrangement. 

The  descending  boats  are  always  loaded.  Those  ascending  are 
empty. 

The  caisson  descends  full  of  water — it  ascends  full  only  to  the  bottom 
of  valve  openings  in  the  rear  gate. 

The  counterweights  are  a  mean  weight  between  the  caisson  full,  de- 
scending, and  the  same  ascending  partly  full.  The  descending  side  is 
therefore  always  the  heavier,  but  the  diflference  is  not  equal  to  the  fric- 
tion of  the  system. 

The  caisson  is  furnished  with  pawls  dropping  into  the  teeth  of  a 
ratchet  rail  on  the  track,  and  with  brake  shoes.  Both  are  raised  by  hand 
and  both  may  be  tripped  from  the  foot  board  of  the  caisson. 

The  maximum  lift  is  39.36  feet  at  extreme  low  tide.  The  minimum 
36.75  feet  at  extreme  high  tide,  or  with  a  slight  flood. 

Length  of  caisson  108. 25  feet,  width  in  the  clear  14. 75  feet,  draft  of 
barges  5  feet.  Load  carried  by  barges  115  to  125  tons.  "Weight  of 
caisson  full,  360  tons,  weight  of  each  counterweight,  300  tons. 

Each  counterweight  is  furnished  with  jjawls,  which  are  raised  and 
lowered  by  hand  ;  and  Avith  brake  shoes  which  act  automatically  in  case 
the  main  cable  should  break. 

The  caisson  is  held  close  to  the  head  wall,  while  the  gates  are  ojiened, 
by  a  hydraulic  jiress  worked  from  an  accumulator.  The  press  acts  upon 
a  wheel  upon  the  main  shaft,  which  when  in  gear  turns  the  shaft,  and 
through  it  the  grooved  wheels,  to  hold  the  caisson  to  the  wall. 

The  rails  are  secured  to  wooden  stringers,  bolted  to  masonry  walls, 
which  are  founded  on  the  rock.  The  first  rails  were  made  of  cast  iron, 
because  of  the  difficulty  in  getting  ordinary  rolled  rails  with  a  sufficiently 
broad  fiat  head  for  the  bearing  of  the  wheel.  They  have  been  in  great 
part  replaced  with  steel  rails,  with  a  flat  top. 

The  river  wall  was  built  in  water  19^  to  23  feet  deep  by  the  system- 
Beaudemoulin. 

The  work  was  constructed  by  the  Potomac  Lock  and  Dock  Company, 
H.  H.  Dodge,  President,  and  is  leased  and  operated  by  the  Chesapeake 
and  Ohio  Canal  Company,  A.  P.  Gorman,  President. 


GAS    ENGINEERING. 


To  represent  gas  engineering,  the  Society  was  able  to  exhibit  draw- 
ings and  photographs  of  works  and  apparatus  as  employed  in  this 
•country,  which  in  some  respects  are  novelties.  The  progress  made 
in  this  branch  of  engineering  is  i:)erhaps  more  marked  than  that  of  any 
other  department.  In  fact,  the  beginning  of  the  century  knew  no  such 
business  ;  fifty  years  ago  New  York  city  had  no  gas,  and  forty  years 
since,  all  the  gas  supplied  to  the  people  of  Boston  was  made  in  one  iron 
retort. 

The  amount  of  capital  now  invested  in  this  business  in  New  York  city 
and  Brooklyn  is  represented  by  about  thirty  millions  of  dollars,  and  the 
number  of  works,  great  and  small,  throughout  the  country  is  about  one 
thousand.  The  principal  progress  that  has  been  made  since  the  earlier 
days  of  gas  lighting  consists  in  the  various  scientific  and  mechanical  means 
introduced  for  the  loroj^er  treatment  of  the  products  derived  from  the 
destructive  distillation  of  coal,  so  that  while  those  jjortions  that  consti- 
tute the  light-giving  jjower  of  the  gases  evolved  are  carefully  separated 
in  a  state  of  "  purity"  or  freedom' from  the  more  deleterious  elements, 
the  other  i^ortions  are  still  preserved,  and  handled  in  such  a  way  as  to 
be  no  longer  "waste  products,"  but  sources  of  revenue  in  the  pro- 
duction of  articles  of  great  value  and  usefulness  in  the  arts.  And  while 
this  country  cannot  claim  so  great  a  degree  of  perfection  in  this  latter 
.respect,  viz. ,  in  the  handling  of  residual  products,  as  has  been  attained 
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abroad,  tlie  reason  for  this  is  to  be  found  in  the  fact  that  the  new- 
ness and  fertility  of  our  country  does  not  afford  the  same  market  demand 
for  these  jirodiicts. 

The  exhibits  under  this  head  consist  of — 

A  detailed  drawing  of  a  multitubular  condenser. 

Photographs  of  a  modification  of  the  Livesey  scrubber,  with  an 
automatic  water  distributing  apparatus. 

A  complete  drawing  of  the  works  of  the  New  York  Gas  Light  Com- 
l)any. 

Photographs  of  the  Nassau  Works  of  Brooklyn,  &g.,  &e.,  &c. 

The  multitubular  condenser  is  an  apparatus  for  condensing  the  tar 
from  the  gas.  It  consists  of  a  cast  iron  box,  or  series  of  boxes,  with  two 
horizontal  diaphragms  or  partitions — one  near  the  top,  the  other  near 
the  bottom  ;  the  upper  and  lower  spaces  thus  formed  are  connected  by 
cast  iron  pipes,  usually  about  four  inches  in  diameter,  placed  as  closely 
together  as  possible.  The  middle  space  of  the  box  is  filled  with  water, 
which  consequently  surrounds  the  pipes  above  mentioned. 

A  series  of  boxes  thus  arranged  are  placed  side  by  side,  the  gas  is 
admitted  into  the  lower  space  and  jjasses  up  through  the  pipes  to  the 
upper  space,  from  there  it  goes  to  the  toj)  space  of  the  next  box,  down 
the  pij)es  to  the  bottom  space,  thence  into  the  next  box,  up  the  jiipes, 
and  so  on,  thus  traveling  up  one  set  and  down  the  other  until  the  tem- 
perature of  the  gas  is  reduced  suflSciently  low  by  the  water  surround- 
ing the  i^ii^es  to  cause  the  tar,  &c. ,  to  be  deposited  in  the  lower  space,  from 
which  the  tar  is  run  off  into  cisterns  constructed  for  the  purpose.  The 
water  surrounding  the  pipes  is  admitted  from  the  end  of  the  series  of 
boxes  opijosite  to  that  at  which  the  gas  enters,  so  that  the  water  sur- 
roiinding  the  pijaes  through  which  the  gas  first  passes  is  the  warmest  (the 
heat  having  been  acquired  by  the  flow  of  gas),  and  that  at  the  end 
where  the  gas  leaves  the  condenser  is  the  coolest.  In  this  way  the  cool- 
ing of  the  gas  goes  on  gradually,  and  is  not  too  sudden  in  its  change 
of  temperature  at  any  point,  and  the  rapidity  of  cooling  is  easily  con- 
trolled by  regulating  the  amount  of  fresh  water  admitted  to  the  con- 
denser. 

This  form  of  condenser  is  largely  used  in  this  country,  but  is  almost 
unknown  in  Europe,  where,  as  a  general  thing,  the  temj)erature  of  tlie 
air  is  relied  upon  to  cool  the  gas,  which  is  passed  through  pijios  out  of 
doors  for  the  purpose.     The  great  advantage  of  the  multitubular  method 
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is  the  almost  perfect  control  that  it  gives  the  manager  over  the  rate  of 
cooling.  In  submitting  the  drawings  of  this  api^arattis,  the  Society 
was  enabled  to  i:)resent  a  novelty  to  the  gas  engineers  of  Euroj^e. 

Of  the  scrubbers  of  which  photographs  were  siibmitted,  and  of  which 
a  drawing  is  shown  on  the  opposite  page  (Plate  LA^.),  the  principal 
novelty  consisted  in  the  method  of  distributing  the  water.  The  object 
of  the  scrubber  being  to  remove  the  ammonia  from  the  gas  by  the  use 
of  water,  by  means  of  the  distributer  on  the  top  the  same  water  that  is 
used  to  wash  the  gas  is  made  to  distribute  itself  by  passing  from  a  tank 
overhead,  to  which  it  had  been  previously  pumped,  over  an  overshot 
water  wheel,  which,  by  suitable  gearing,  turns  two  arms  within  the  top 
of  the  scrubber,  into  which  the  water  is  conducted  by  a  pipe  leading 
from  a  trough  under  the  water  wheel.  These  arms  are  in  the  form  of 
troughs,  with  notches  cut  in  the  edges,  so  that  as  the  arms  revolve 
horizontally  the  water  drops  on  to  the  wooden  slats  with  Avhicli  the 
scrubber  is  fille'l.  These  slats  being  put  in  edgewise  and  kept  a  small 
distance  apart,  a  very  large  area  of  wetted  surface  is  presented  to  the 
gas  as  it  jjasses  through.  The  ammonia  is  taken  iip  by  the  watei;,  which 
passes  off  from  the  bottom  as  "  ammouiacal  liquor,"  and  is  collected  in 
cisterns  built  for  the  purpose.  The  gas  enters  the  scrubber  at  the  bot- 
tom, and  passing  uj)  to  the  top,  is  taken  out  by  a  central  outlet  pipe^ 
which  extends  to  the  top.  The  gas  on  entering  comes  first  in  contact 
with  the  strongest  liquor,  and  leaves  through  a  spray  of  clean  water. 
The  strength  of  the  liquor  obtained  from  these  scrubbers  is  from  16  to 
20  ounces  Twaddle.  The  quantity  of  water  used  is  about  one  gallon  to 
1  000  feet  of  gas. 

The  j)hotograi)h  of  the  Providence  Holder  House  shows  one  of  the 
largest  domes  in  the  Avorld. 

The  photographs  of  the  works  of  the  Nassau  Company  represent  one 
of  the  most  complete  of  our  modern  works. 

The  colored  drawing  of  the  plant  of  the  New  York  Gas  Light  Com- 
pany, aside  from  its  accuracy  of  detail,  sliows  the  plan  of  the  largest 
holders  in  the  United  States  at  the  present  day. 
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RAILROAD    FORMS. 


SUBJECTS   EXHIBITED. 


Album  contributed  by  the  Lake  Shore  &  Michigan  Railway  Company. 

This  album  is  made  uj?  from  the  printed  documents  and  blank  forms 
used  by  that  company  in  its  several  operating  departments  ;  beginning- 
■with  a  map  showing  the  relation  of  its  lines  to  the  railways  of  the  Noi'thern 
and  Western  States,  and  another,  showing,  upon  a  larger  scale,  the  country 
which  they  specially  serve,  as  also  the  roads  which  contribute  to,  or- 
compete  for  its  traffic. 

These  are  followed  by  an  account  of  the  growth  of  the  present  com- 
pany through  a  consolidation  of  numerous  smaller  corporations,  with  a 
table  of  the  earnings  of  all  the  corporations  from  their  beginning.  Othe 
tables  give  information  of  the  financial  condition  of  the  company,  and  a 
complete  account  of  its  operations  during  the  year  1877,  with  their 
results. 

This  is  followed  by  the  regulations  printed  for  the  employes  of  the 
company  in  the  departments  of  the  General  Superintendent  and  Chief 
Engineer  ;  comprising  the  general  rules  for  the  government  of  all,  and 
the  special  rules  for  conductors,  brakemen,  newsboys,  engineers,  fire- 
men, station  agents  and  ticket  agents  ;  for  the  use  of  air  brakes  ;  for  the 
care  of  injured  persons  ;  for  telegraphers  and  for  the  baggage  depart- 
ment ;  also,  information  for  the  i^ul)lic  of  the  conditions  uijon  which 
baggage  will  be  carried. 

The  remainder  of  the  Album  is  filled  with  the  printed  notices  and 
blanks  of  each  of  the  dejiartments,  arranged  in  groups  according  to  the 
dei^artment  by  which  they  are  used. 

In  this  way,  it  was  hoped  to  present  a  general  view  of  the  modes  of  ad- 
vertising adopted  by  the  passenger  department ;  of  the  system  of  reports 
required  by  the  General  Superintendent,  Chief  Engineer,  Auditor  and 
other  ofiicers,  from  their  subordinates  ;  of  the  methods  of  billing  freight 
over  the  railway  from  one  station  to  another  ;  from  this  railway  to  any 
other  railway  and  to  foreign  parts,  together  with  the  reports  of  the  tonnage 
and  charges,  wliich  are  made  to  the  General  Freight  Agent.     The  blanks 
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used  for  reporting  the  mileage  of  its  own  cars  iipon  its  road,  and  tlie 
sheets  upon  which  the  miles  run  by  each  car  are  recorded  ;  also,  the 
method  of  reporting  daily  to  other  lines  the  miles  run  by  their  cars  upon 
this  road,  are  grouped  under  the  head  of  Car  Recorder's  Deiiartment. 

The  various  forms  of  passengers  tickets  used  in  through,  w^ay,  excur- 
sion, emigrant,  special  and  foreign  business,  are  illustrated  by  samples 
of  each  kind  ;  as,  also,  the  manner  in  which  sales  of  each  are  reported 
to  the  General  Ticket  Agent  and  Auditor. 

In  many,  or  perhai3S  in  all  their  details,  the  forms  and  methods  of 
each  Department  differ  from  those  used  by  other  railways  of  the  United 
States ;  yet,  by  nearly  all  those  railways  the  same  general  manner  of 
carrying  on  their  business  is  employed,  so  that  this  Album  may  be 
taken  as  a  brief  exposition  of  the  way  in  which  railway  transporta- 
tion is  conducted  in  the  States  of  the  Union.  As  a  rule,  passengers  and 
freights,  traversing  the  main  routes,  are  transported  without  change  of 
cars,  and  are  billed  and  ticketed  through  from  the  start  to  destination, 
so  as  to  avoid  delays. 

It  is  the  custom  among  the  railways  to  accept  the  bills  of  lading  and 
tickets  issued  by  one  road  over  any  of  the  others.  The  manner  in  wliich 
contracts,  shipments  of  freight,  sales  of  tickets  and  divisions  of  receipts 
are  reported,  by  one  road  to  each  of  the  others  interested,  is  illustrated 
by  the  forms  given  in  the  Album. 

The  settlements  of  balance  is  effected  between  the  roads  acting  as 
indi\dduals  (not  through  a  clearing  house),  except  in  the  case  of  what 
are  known  as  Line  Freights. 

The  Freight  Lines  of  the  United  States  are  of  two  kinds,  private 
and  co-operative  ;  and  were  established  to  facilitate  the  forwarding  of 
goods  over  long  distances,  by  acting  as  an  intermediary  for  the  shipper 
and  for  the  many  railway  lines,  over  which  the  goods  might  have  to  pass 
to  their  destination. 

The  General  Agencies  of  these  lines,  act  as  clearing  houses  between 
the  several  railway  comjianies  which  they  represent. 

The  co-operative  lines  are  owned  and  operated  by  the  railway  com- 
panies over  which  they  pass  ;  the  cars  being  furnished  by  each  railway, 
its  proportion  of  the  general  expenses  being  in  the  ratio  of  its  length,  to 
that  of  the  whole  distance  traversed. 

The  private  lines  furnish  cars  and  agencies  upon  a  contract  with  the 
railway  companies  ;  many  of  the  companies  owning  a  part  of  the  stock 
of  the  i^rivate  lines. 

Album  contributed  by  the  Providence  &  Stonington  Steamship  Company. 

This  album,  like  the  preceding,  contains  samples  of  the  company's 
bTisiness  blanks,  advertising  posters,  tickets,  i)]ans  of  the  staterooms  on 
the  boats,  and  a  full  set  of  baggage  checks.  It  also  has  a  history  of 
steamboat  navigation  on  Long  Island  Sound  from  1792  to  the  jjresent 
time. 


GENERAL  DESCRIPTION  OF  EXHIBIT. 


The  drawings  and  jDliotograplis  are  grouped  in  departments,  and 
mounted  on  a  structure  erected  for  the  purpose,  where,  together  with  the 
models  and  specimens,  which  are  also  conspicuously  displayed,  they 
may  readily  be  seen  and  examined  by  all  visitors  to  the  Exposition. 
The  tracings,  albums,  specifications,  blank  contracts,  lithographs  and 
other  miscellaneous  matter,  not  designed  for  general  exhibition,  are 
accessible  to  engineers  and  others  who  may  desire  to  make  special  inves- 
tigations. 

The  structure  on  which  the  drawings,  photographs  and  models  are 
exhibited  was  built  by  Messrs.  Mead  &  Taft,  of  Cornwall-on-the-Hudson. 
AH  parts,  except  the  interior  frame,  which  is  concealed  by  the  drawings, 
are  of  American  hard  woods.  It  is  an  excellent  example  of  first-class 
machine-made  carpenter  work,  and  in  itself  forms  a  good  collection  of 
native  finishing  w'oods. 

This  structure  is  16  feet  wide  by  21  feet  long.  Its  exterior  surface 
furnishes  six  alcoves,  each  appropriated  to  a  different  department,  while 
additional  wall  surface  is  provided  in  the  interior,  and  a  broad  staircase 
leads  to  a  platform  above. 

Four  of  the  six  alcoves  are  at  the  corners  of  the  structux*e,  and  each 
of  them  affords  three  vertisal  wall  spaces  3  feet  wide  by  5  feet  high,  two 
inclined  spaces  3  feet  square,  and  one  smaller  triangular  space;  the  other 
two  are  in  the  middle  of  the  long  sides,  and  twice  the  size  of  the  others. 
A  copy  of  the  only  jjhotograjjh  of  the  Exhibit  received  from  Paris  is 
given  herewith. 

The  six  alcoves  are  appropriated  to  the  following  general  depart- 
ments :  Foundations  and  Masonry,  Bridge  Superstructures,  Hydraulic 
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Machinery,  Inland  Marine,  Rolling  Stock,  River  and  Harbor  Improve- 
ments. 

The  Society  is  greatly  indebted  to  the  i  ngineers  Club  ox  St.  Louis, 
Avhich  undertook  the  task  of  preparing  and  collecting  the  drawings  and 
photogi'aphs  of  the  works  which  are  rejDresented  from  that  section  of 
the  country.  The  promj)tness  and  care  which  these  gentlemen  showed 
in  this  connection  did  much  to  enable  the  Committee  to  make  a  satisfac- 
tory exhibit. 

Besides  the  individual  exhibitors  hitherto  mentioned,  the  Society  is 
indebted  to  Mr.  Frank  Thomson,  General  Manager  of  the  Penn- 
sylvania Raili'oad  Company  for  two  very  large  i)hotographs  of  loco- 
motive and  fully  equijaped  passenger  and  express  train  on  that  road ; 
to  Mr.  C.  Vandervoort  Smith,  of  the  Manhattan  Gas  Company,  Mr. 
T.  K.  Lees,  of  the  New  York  Gas  Company,  Mr.  J.  H.  Armington, 
of  the  Brooklyn  Gas  Company,  Mr.  F.  S.  Benson,  of  the  Nassau 
Gas  Company,  and  Mr.  G.  W.  Dresser,  of  the  Gas  Light  Journal, 
who  contributed  the  exhibits  referred  to  in  the  article  on  Gas 
Engineering  ;  to  Mr.  C.  C.  Martin,  for  the  photographs  of  the  towers  of 
the  East  River  Bridge,  in  process  of  construction  ;  to  Mr.  Moses  Lane, 
for  photograjihs  of  the  Milwaukee  pumping  engine,  and  Milwaukee 
ship  yards ;  to  Mr.  T.  Guilford  Smith,  for  harbor  and  lake  photo- 
graphs at  Buffalo ;  to  Mr.  P.  H.  Dudley,  for  an  automatic  dynograph 
record ;  to  Mr.  S.  H.  Shreve,  for  a  number  of  copies  of  his  Treatise 
on  the'  Strength  of  Bridges  and  Roofs  ;  to  Mr.  T.  S.  Sedgwick,  for  his 
Treatise  on  Inclined  Planes  for  Canals  ;  to  The  Railroad  Gazette,  which 
has  sent  bound  volumes  of  its  paper  and  copies  of  its  publications ; 
to  Mr.  John  Reid,  of  Paterson,  N.  J.,  for  an  album  of  photographs  of 
bridges  and  other  engineering  works  ;  to  Mr.  J.  Mullen,  of  Lexington, 
Ky. ,  for  photographs  of  Ohio  River  Bridge  ;  and  to  many  other  parties 
who  have  contributed  tracings,  photographs,  photo-lithogi"aphs,  chromos, 
engi-avings  and  water  color  sketches  of  bridges,  roofs,  buildings,  rolling 
stock,  machinery,  steamboats,  dredges,  coal  mines,  and  works  in  pro- 
gress, as  well  as  specifications  for  various  engineering  matters,  rejjorts 
of  cities  and  boards  of  public  Avorks,  and  pamphlets  explanatory  of 
exhibits. 
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15'  37-  38,  41,  42,  44,  46,  57>  89. ' 
Presides    at    meeting;,   57.  —  Reprint 
of  paper  by,  78. 

Emslie,  Peter. — Resignation  of,  134. 

Engmeering  Exhibit  at  Paris.   (See  Paris.) 

Evans,  Walton  W.  — Presents  Illustra 
tions  of  Bridge,  38. 

Exchange  List,  120, 

E.xcursions  at  Tenth  Annual  Convention, 

.47- 
Exhibit    of    American    Engineering    at 

Paris.     (See  Paris.) 
Expulsions.  —  Method  of  procedure,  2,  3. 

Fall  of  the  Western  Arched  Approach  to 
South  Street  Bridge,  Philadelphia, 
by  D.  McN.  Stal'efer,  8g. 

Falls  of  St.  Anthony. — Checking  the 
Movement  Back,  Description,  by  E. 
P.  North,  42. 

Fanning,  John  T. — Abstract  of  Paper 
by,  34. — Discussion  by,  42. 

Finance  Committee  Report,  91,  126. 

Financial  Statement,  51,  119,  124,  126. 

FiNK,  Albert.— Discussion  by,  38,  131. 
— Elected  Vice-President,  92.- -On 
committee,  i. — (Jn  I^ibrary  Com- 
mittee,   132. — Presides    at   meeting, 

15- 
V  iRMs  roNE,  Frank. — Admitted  asMem- 

ber,  80,  81. 
Flagg,  J.  FosiER. — Discussion   by,  38, 

42,  44,  46. 
Flow  of  Water,  Illustrated   by    Kutter's 

Diagram,  with  Special  Reference  to 

Sewers,  by  R.  Hering,  91. 
Flow  of  Water  in  Pipes,  by  Charles  G. 

Darrach,  42. 
Force,  C.  G.,  Jr.,  admitted  as  Member, 

5.  35- 
toRD  James  K. — Resignation  of,  134. 
Forney,  NL  \.— Discussion  by,  22,  .;7, 

38,  132. — Presides  at  meeting,  89. 


FRANCIS. 

Francis,  James  B.  -Discussion  by,  42, 

43.  -  Elected  Vice-President.  92. — 
On  committee,  47.      I'aper  by,  44. 

Gardner,  G.Clinton.     Discussion  by, 

44. — Resolution  by,  44. 
Gai'es,  CHRisToniKR  L.— Admitted  as 

Junior,  131,  134. 
Gauging  of  Streams. — A  Discussion    by 

Clemens  Hkrschel,  42. 
-  -  —  Committee  on,  42,  83,  91,  127. 
German    Society    of    Engineers. — Letter 

from,  27. 
Gilbert,    Charles    P.,    admitted    as 

Member,  5,  14. 
Glover,  O.   L.,   admitted  as  Member, 

22'  55- 

Graphic  Representation  of  Railroad  Ac- 
counts, by  Charles  Latimer,  45. 

Gray,  Samcel  N. — Invitation  from,  43. 

Greene,  B.    IL,   admitted   as  Member, 

35'  37- 
Greene,  George S. — Discussion  by,  38, 

44,  131. — Elected  Director,  92. — On 
Finance  Committee,  132. — Presides 
at  meeting,  4. 

Greene,    George,  S.,  Jr. — Discussion 

by,  131. 
CJKEENOCGH,  Malcolm  S. — Admitted  as 

member,  131,  134. 

Hamil  TON,  SCHIYLER. — Resignation  of, 

88. 
Hardee,  T.  S. — Discussion  by,  42.— On 

committee,  44. 
Harlow.  James  H. — Reprint  of  Paper 

by,  7S. 
Harrod,  R.  M.- -Paper  by,  42. 
Hasell,     Bentlev     D.  — Admitted    as 

member,  55,  57. 
Haswell,    Charles,     H. — Discussion 

by,  15,  22,  131,  132. 
Hatfield,     Robert     G. — Death     an- 
nounced, 144. 
Haves,  Edmund. — Admitted  as  Junior, 

20,  22. 
Hi'.RiNG,    R. — Discussion  liy,  43,  91. — 

Paper  by,  43,  91. 
Herschel,  Clemens,  Discussion  by.  38, 

42,  43,  45.  — On    committee,   47.  - 

Resolution  by,  43. 
Hill,  John  W. — Resolution  by,  81. 
HiNES,    Dauphin    S. — Resignation    of, 

134- 
Hjortsberg,  M. — On  committee,  44. 
HoBART,    N.    P.,    Jr. — Resignation    of, 

144. 
Hollev,  A.  L. — Discussion  by,  15,  38. 
House  of  the  Society,  13.  19,  34,  54,  79,. 

87,  1 14,  122,  130,  134,  142. 
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HOW. 

How,  Jamrs. — Resignation  of,  144.' 
Howard   Fredkrick  B. — Admitted  as 

member,  93,  114. 
HoWKLL,  Charles  W. — Discussion  by, 

42. 
Hydraulics,  44. 

Igniting  Blasts  by  means  of  Electricity, 
by  JuLUS  H.  Striedinger,  4. 

Illustrations  of  papers. — Rules  for,  13. 

Improvement  of  South  Boston  Flats,  by 
Edward  S.  Philbrick.  15. 

Incline  Plane  Railroad  at  Madison,  In- 
diana, by  M  J.  Becker,  22,  37. 

Invitations  to  Convention,  93. 

Iron. — New  Method  of  Detecting  Over- 
strain in,  by  R.  H.  Thurston,  15. 

James,  Samtel  L. — Admitted  as  mem- 
ber, 37,  55. 
Jetties.      (See  South  Pass.) 
Johnson,  Thomas  H. — Letter  from,  89. 

Kellogg,   Norman    B.— Admitted    as 

Junior,  5;  20. 
Kennedy,  John. — Discussion  by,  42. 
Kingslev,    Marvin    W. — Admitted    as 

member,  55,  57. 
Kinsley,   Thomas   P. — Discussion  by, 

90. 
Kirkwood,  James  P. — Memoir  of,  60. 

Latimer,  Charles.— Discussion  by,  38, 
42,  43,  45,  46.— Paper  by,  45  — 
Resolution  by,  43. 

Latrobe,  Benjamin  H. — Death  an- 
nounced, 123, 

Leavitt,  E.  D.,  Jr. — Discussion  by,  46. 

Leverich,  G.— Discussion  by,  132. 

Libra. y  and  Museum.-— Additions  to,  11. 
17,  31,  76,  85,   137. 

Library.— Increaseof,  120.— State  of,  121. 

I>ist  ot  Members.— Additions,  13,  20,  35, 
55,  80.  88,  114,  134,  142. —Changes 
and  corrections,  14,  20,  35,  55,  80, 
88,  143.— Deaths,  14,  55,  134,  H4- 
— Resignations,  20,  35,  88,  114,  134, 

'44-  ^     .        .  , 

List  of  new   books  on  Engmeermg  and 

Technology.     (See  Books.) 

Macdonald,  Charles.  — Amendment 
offered  by,  91. — Discussion  by,  15, 
131,  132. — Presides  at  meeting,  91. 

Maclay,  William  W. —  Abstract  of 
paper  by,  87. — Presentation  of  Nor- 
man Medal  to,  i. 

Marsland,  Edward. — Admitted  as 
member,  5,  14. 

Masonry,  43,  44. 


McALPINE. 
McAlpine,  Charles  L, — Discussion  by, 

37- 

McAlpine,  William  J. — Discussion  by, 
22,  37.  —  Presides  at  meetuig,  37. 

McGke,  John. — Resignation  of^  144. 

Meetings. — Announcements  of.  (See  An- 
nouncements.) Minutes  of.  (See 
Minutes.)     Number  of,  116. 

Melvin,  David  N. — Admitted  as  mem- 
ber,55,  57. — Discussion  by,  57,  90. 

Meml^ers. — Additions  to.  (See  List.) 
Ballots  for.  (See  Ballots.)  Changes 
and  corrections  in  addresses  of.  (See 
List.)  Deaths  of.  (See  List.)  Num- 
ber of,  115. — Resignations  of.  (See 
List.) 

Membership. — Certificates  of,  1 18. — Date 
for  beginning  of,  3,  95.  —  Elections 
for,  2,  95. — Expulsion  from,  2,  3, 
95. — Propositions  for,  2,95. — (Quali- 
fications for.  I,  15,  95. — Resident 
and  non  resident  defined,  3,  95. — 
Statement  and  increase,  115. 

Memorial  in  Reference  to  Extension  of 
Triangulations  of  Coast  Survey,  5, 
9,  21. 

Memoirs  of  Deceased  Members  of  the  So- 
ciety.—G.  W.  .R.  Baylev,  58.— 
Robert  L.  Cooke,  66. — Charles 
S.  Emack,  65. — ^James  p.  Kirk- 
wood, 60. — William  B.  Ogden, 
67. — P.  Porter  Poinier,  74.— C. 
Ridgley  Schott,  128. — ^JoHN  F. 
Tracy,  71. — Henry  Tyson,  iio. 

Metals. — On  a  Newly  Discovered  re- 
lation between  the  Tenacity  of  Metals 
and  their  Resistance  to  Torsion,  by 
Robert  II.  Thurston,  41. 

Metric  System,  5,  7. — Resolution  request- 
ing  its  use,    12,   20,  34,  54,  79,  87, 

114,  I30>  134,  142. 
Miller,  J.  Imbrie. — Resignation  of,  35. 

Minutes  of  Meetings  of  Board  of  Direc- 
tion, 5,  6,  15,  22,  57,  94,  132. 

—  January    2d,     1878,    Metric    System; 

Triangulations  of  Coast  Survey,  5  ; 
Proposals  considered,  6. 

—  January    16th,    1878,   Proposals    con- 

sidered, 6. 

—  February   6th,    1878,  Proposals    con- 

sidered, 6. 

—  Fel)ruary  i8th,    1878,   Proposals    con- 

sidered ;    Ijallot    referred    to    Board 
considered  and  report  adopted,  6. 

—  March  6th,  1878,  Proposals  considered; 

financial  business  transacted,  I5- 

—  April  3(1,  1878,  Proposals  considered; 

appropriations  made;  copyright  dis- 
cussed, 22. 
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—  May  ist,  1878,  Proposals    considererl ; 

appropriations  made;  arrangements 
for  Tenth  Annual  Convention  con- 
sidered; financial  and  insurance  bu- 
siness transacted,  57. 

—  May    13th,    1878,    Arrangements    for 

Convention  made;  committee  report 
transmitted,  58. 

—  May  29th,  1878.  Proposals  considered, 

—  June  5th,  1878,  Arrangements  for  Con- 

vention perfected,  58. 

—  J^ily  3fl,  1878,    Proposals    considered: 

appropriations  made,  58. 

—  August  7th,  1878,  Proposals  consider- 

ed; appropriations  made,  94. 

—  September  4tli,  1878,  I^roposals   con- 

sidered; Annual  Report  prepared. 
94. 

—  October  2d,  1878,  Proposals  consider- 

ed; codification  and  amendments  to 
Constitution  and  By-Laws  discussed; 
report  of  nominating  committee  re- 
ceived and  letter  ballot  ordered;  ac- 
tion taken  as  to  arrears  of  dues,  94. 

—  October   31st,    1878,    Proposals    con- 

sidered; appropriations  made  and 
financial  business  transacted;  Annual 
Report  prepared,  95. 

—  November  5th,  1878,  Annual   Report 

perfected;  financial  business  trans- 
acted, 95. 

—  November  12th,  1878,  Standing  Com- 

mittees appointed,  132. 

—  December    4th,  1S78,  Proposals    con- 

sidered; ajipropriations  made;  action 
taken  as  to  arrears  of  dues,  132. 
Minutes  of  Meetings  of  the  Society,  i,  15, 
21,  37,  57,  81,  89,  131,  135. 

—  January  2d,  1878,  Presentation  of  Nor- 

man Medal  and  Norman  Book  Prize; 
amendment  to  By-Laws  proposed; 
resolution  passed  in  reference  to  ex- 
hibit at  Paris;  committee  appointed 
to  select  Commissioner  at  Paris,  i ; 
result  of  ballots  on  amendments  to 
Constitut'on  and  By-Laws  announced 

2,  3- 

—  January  i6th,    1878,  "Igniting  Blasts 

by  means  of  Electricity,"  by  Ji'LlUS 
H.  Striedl\(;er,  read,  4. 

—  Eebruary  6th,  1878,   Secretary  reports 

assignment  of  space  at  Paris  Exposi- 
tion; committee  reports  selection  of 
commissioner  and  resolutions  in  refer- 
ence to  preparation  of  Exhibit;  T.  E. 
SiCKELS  chosen  Commissioner  at 
Paris;  George  S.  Morison,  En- 
\v.\RD  P.  North,  John  Bog.\rt 
appointed  committee  to  prepare  Ex- 
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hibit,  4;  resolution  to  indefinitely 
postpone  further  consideration  of 
Metric  System  adopted;  other  bal- 
lots referred,  5. 

—  February  20th,  1878,  Death  of  John 

F.  Tracy,  Fellow  A.  S.  C.  E.  an- 
nounced and  committee  appointed  to 
prepare  memoir;  committee  on  Paris 
Exhibit  made  report;  Board  of  Di- 
rection made  report;  candidates  de 
clared  elected;  ballot  upon  adoption 
of  a  memorial  to  be  again  taken,  5. 

—  March  6th,  1878,  Ballot  upon  amend- 

ment to  By-Laws  canvassed  and 
amendment  adopted;  "Improve- 
ment of  South  Boston  Flats,"  by 
Edward  S.  Philbrick  read,  15. 

—  March  20th,  1878,  "On  a  new  Method 

of  detecting  overstrain  in  Iron  and 
other  Materials,"  by  R.  H.  Thurs- 
ton read  15. 

—  A]iril  3d,  1878,  Thursday  evenings  at- 

tendance reported;  committee  on 
Paris  Exhibit  reports;  memorial  as 
to  Triangulations  of  Coast  Survey 
adopted,  31 ;  ballots  for  membership 
canvassed;  "The  law  of  Tidal  Cur- 
rents in  river  harbors,"  by  J.  H. 
Striedinger  read  ;  account  of 
Hooghly  Floating  Bridge  read,  22. 

—  April  17,  1878,  "Incline  Plane  Rail- 

road, at  -Madison, Ind.."  by  M.  J. 
Becker  read;  Edison  Phonograph 
Exhibited,  22. 

—  May    1st,  1878,  Committee    on    Paris 

Exhibit  reports;  ballots  for  member- 
ship canvassed;  Reminiscences  and 
Experiences  of  liarly  Engineering 
Operations  on  Railroads,  with  special 
reference  to  steep  inclines,  by  W. 
MiENoR  Roberts  read,  37. 

—  May  15th,  1878,  "On  the  Theoretical 

Resistance  of  Railroad  Curves,"  by 
Samiel  Whineky  read,  37. 

—  T"»e  5th,  1878,  Ballots  for  membership 

canvassed,  37;  secretary  reported  ar- 
rangements for  Convention;  amend- 
ments to  Constitution  and  By-Laws 
offered;  discussion  on  "Resistances 
on  Railway  Curves  "  continued,  38. 

—  June   19th,  1878,  Business  meeting  at 

Convention;  amendment  to  Consti- 
tution discussed;  amendment  to  By- 
Laws  discussed  and  withdrawn; 
committee  appointed  on  method  of 
election  of  ol^cers,  38. 

—  July  3d,  1878,  Ballots  for  membership 

canvassed,  57. 

—  July  17th,  1878,  "Observations  on  the 

stresses  developed  in   metallic   bars 
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by  applied  forces,"  by  Theodore 
C'l  lOPER  read  ;  drawings  of  iron 
bridges  presented  by  T.  C.  Ci.arkk, 
exhibited,  57. 

—  August  7th,  1878,  Ballots  for  member- 

ship canvassed;  resolution  for  ap- 
pointment of  committee  on  economy 
in  use  of  steam  referred  to  Board  of 
Direction  :  death  of  C.  Ridgei.v 
ScHOTT  announced  and  committee 
to  prepare  memoir  appointed,  81. 

—  August  2 1st,  1878,  An  addition  to  pa- 

per "Observations  on  the  stresses 
developed  in  metallic  bars  by  ap- 
plied forces, ' '  by  Theodore  Cooper 
read,  81. 

—  September  4th,  1878,  Ballots  for  mem- 

bership canvassed;  -'Fall  of  the 
Western  Arched  Approach  to  South 
street  Bridge,  Philadelphia,"  by  D. 
Mc  N.  Stal'FFER  read,  89. 

—  September  1878,  The  subject  of  Asph- 

alt pavement  discussed,  89. 

—  October  2d,  1878,  ballots  for  member- 

ship canvassed;  ballot  upon  resolu- 
tion to  appoint  committee  as  to  max- 
umum  economy  in  the  use  of  steam 
canvassed;  report  of  Board  of  Di. 
rection  with  proposed  codification  of 
Constitution  and  By-laws  presented; 
amendments  to  Constitution  and  By- 
Laws  presented,  90  ;  paper  upon 
tests  of  hydraulic  cements  and  of 
bricks,  by  Francis  Collingwood 
read,  91. 

—  October   i6th,    1878,  "The   Flow  of 

Water,  illustrated  by  Kutter's  Dia- 
gram," by  R.  Hering  read,  91. 

—  November    20th,    1878,    "  Submarine 

Telephoning,"  by  Charles  W. 
Raymond  read;  "The  Permanent 
Way  of  Railways  in  Great  Britam 
and  Ireland,  with  especial  reference 
to  •  the  use  of  timber  preserved  and 
unpreserved,"  by  John  Bogart 
read,  13 1. 

—  December  4th,  1878,  Ballots  for  mem- 

bership canvassed;  "The  use  of 
Compressed  air  in  Tubular  Founda- 
tions, and  its  application  at  South 
street  Bridge,  Philadelphia,"  by  D. 
McN.  Staki-er  read,  131. 

—  December  i8th,  1878,  Portions  of  the 

Report  of  Committee  on  Resistances 
of  Trains  with  reference  to  the  evap- 
orative efficiency  of  Locomotives 
read,  132. 
Minutes  of  Tenth  Amuial  Convention, 
Boston,  June  i8th,  1878;  39.— 
Called    to   order  by  JOHN  BoGART, 
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Secretary  ;  members  and  guests  in 
attendance,  39. — Introductory  Ad- 
dress by  W.  MiLNoR  Roberis, 
Vice-President  ;  Edward  S.  Phil- 
URiCK  chosen  Chairman  ;  John  Bo- 
gar  r  chosen  Secretary  ;  address  by 
Edward  S.  Philkrick,  40. — Rules 
read  ;  Subject  "  Bridges  "  con- 
sidered ;  "  Approximate  Determina- 
tion of  Stresses  in  the  Eye-Bar 
Head  "  and  "  Proportion  of  Eye- 
Bar  Heads  and  Pins  as  determined 
by  Experiment,"  discussed  by  De 
V  OESON  Wood  ;  "  On  a  newly-dis- 
covered relation  between  the  tenacity 
of  metals  and  their  resistance  to  tor- 
sion," by  Robert  H.  Thurston, 
read  ;  Description  of  accident  to 
strand  of  East  River  Bridge,  read  by 
F.  Coi^LiNGWooD  and  discussed  by 
D.  V.  Wood,  J.  J.  R.  Croes,  C.  E. 
Emery  ;  "  Relative  quantities  of 
material  in  bridges  of  difterent 
kinds,  of  various  heights,"  discussed 
by  W.  H.  Searles,  C.  E.  Emery  ; 
subject,  "  Rivers  and  Harbors  "  con- 
sidered ;  "  The  South  Pass  Jetties, 
descriptive  and  incidental  noces  and 
memoranda,"  by  E.  L.  CoRTHELL, 
read,  41  ;  discussion  by  C.  W^ 
Howell,  W.  Milnor  Roberts  ; 
Second  Session,  June  i8th  ;  "  Rivers 
and  Harbors,"  discussed  by  J.  Fos- 
ter Flagg  ;  "  The  dangers  threat- 
ening the  navigation  of  the  Missis- 
sippi River  and  the  reclamation  of  its 
alluvial  lands,"  by  B.  M.  Harrod, 
read  ;  discussed  by  E.  L.  Corthell, 
J.  Foster  Flagg,  T.  S.  Hardee, 
John  Kennedy,  W.  Milndr  Rob- 
erts ;  Improvements  in  Boston  Har- 
bor described  by  E.  S.  Phh,brick  ; 
"  Means  adopted  for  checking  move- 
ment of  Falls  of  St.  Anthony,"  de- 
scribed by  E.  P.  North  ;  Committee 
on  Gauging  Streams  made  report  ; 
Subject  of  Gauging  Streams  dis- 
cussed by  Clemens  Herschel  ; 
"  The  flow  of  water  in  open  chan- 
nels," discussed  by  J.  P.  Dayls,  T. 
C;.  Ellis,  C.  E.  Emery,  J.  B.  Fran- 
cis, C.  Herschel,  C.  Latimer,  W. 
M.  Roberts,  H.  F.  Walling,  W. 
H.  White,  D.  V.  Wood;  "The 
Flow  of  Water  in  Pipes,"  by 
Charles  G.  Darracii,  read  ,  dis- 
cussion by  John  T.  Fanninc;,  42. — 
'1  bird  Session,  June  19th  ;  Subject  of 
cements  considered  ;  "  Notes  and 
Experiments  on  the  Use  and  Testing 
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of  Portland  Cement,"  discussed  by 
F.  COLLINC.WOOD,  W.  P.  Shinn,  D. 
J.  Whii  TKMORK  ;  Subject  of  Im- 
]n'ovements  al  Mouth  of  the  Missis- 
sippi discussed  ;  Sulijei'l  of  Masonry 
considered;  "Brick  Arclies  for 
Large  Sewers,"  liy  R.  Hering, 
read  ;    discussed    by    E.    S.    Ches- 

liKOUCH,       ¥.      COLLINGWOOD,       R. 

Hering,  G.  S.  Morison,  W.  M. 
Roberts,  43.  —  "Nomenclature  of 
Building  Stones  and  Stone  Masonry, " 
discussed  by  F.  Collingwood,  J.J. 
R.  Croes,  J.  F.  Flagg,  J.  Veazie; 
Subject  of  Hydraulics  considered  ; 
"  Distribution  of  Rain-fall  during 
the  great  storm  of  October,  1869," 
by  James  B.  Francis,  read  ;  Sub- 
ject of  Dams  considered  ;  "  Wing 
Dams  in  the  Mississii)pi,  above  the 
Falls  of  St.  Anthony,"  discussed  by 
T.  G.  Ellis,  E.  P  North. — Fourth 
Session,  June  19th. — Commiitee  on 
Nominations  appointed,  44. — Com- 
mittee on  Resistances  of  Railway 
Trains  made  report  ;  Committee  on 
Uniform  Accounts  and  Returns  of 
Railroad  Companies  made  report  ; 
"Graphic  Representation  of  Rail- 
way Accounts,"  by  Charles  Lati- 
mer, read  ;  Committee  on  Perma- 
nent (^)uarters  lor  the  Society  made 
report ;  Committee  on  Tests  of 
American  L^on  and  Steel  made  re- 
port ;  Commiitee  on  Exhibit  at  Paris 
made  report  :  Centennial  Commis- 
sion made  report  ;  Time  and  Place 
for  Tenth  Annual  Convention  con- 
sidered, 45.  —  Business  Meeting  held 
(see  Minutes) .  —Fifth  Session,  June 
19th. --Subject,  Steam  Engines  con- 
sidered ;  "  Sleam  Engine  Economy; 
a  uniform  basis  for  comparison," 
discussed  by  C.  E.  Emery,  J.  F. 
Flagg,  E.  D.  Leavitt,  Jr.,  T. 
Whitaker  ;  Subject  of  Railroads 
c  msidered  ;  Elevation  of  outer  rail 
on  curves  disiussed  by  C.  Laitmer, 
E.  S,  Philbrick,  W.  M.  Roberts. 
J.  D.  Steele,  E.  Yardley  ;  Sub- 
ject Surveys  considered;  "Descrip- 
tion of  Survey  for  Determining  the 
Slope  of  Wa.er  Surface  in  the  Erie 
Canal,"  discussed  by  J.  J.  R. 
Croes,  W.  M.  Rober  rs  ;  destruc- 
tion of  old  Minot's  Ledge  Light 
House  described  by  E.  S.  Phil- 
brick,  46.  — Resolutions  of  thanks 
passed  ;  Convention  adjourned,  47. 
— Programme    of   excursions    con- 


MINUTES. 
nected  will>  ConNcntion,  47,  48,  49, 

Minutes  of  Iwenty  sixth  Annual  Meet- 
ing, November  6th,  1878,  91.  — At- 
tendance :  letter  from  President  ; 
Tellcis  ajipointed  ;  .\nnual  Report 
of  Board  of  Direction  ;  Annual  Re- 
port of  Treasurer  ;  Report  of  Finance 
Committee  ;  Report  of  Committee 
on  Gauging  of  Streams  ;  committee 
continued  ;  Report  of  Committee  on 
Resistances  of  Railway  Trains; 
committee  discharged  ;  Report  of 
Committee  on  Uniform  Accounts 
and  Retu.ns  of  Railway  Companies; 
committee  continued,  91  ;  Report  of 
Committee  on  Permanent  Quarters 
for  the  Society  ;  committee  con- 
tinued ;  Report  of  Centennial  Com- 
mission ;  commission  continued  ; 
Report  of  Committee  on  Paris  Ex- 
hibit ;  thanks  of  the  Society  pre- 
sented to  committee  ;  officers  elected; 
time  and  place  for  Eleventh  Annual 
Convention  considered  and  letter 
ballot  on  place  ordered,  92. — Reso- 
lution as  to  invitations  to  Convention 
passed  ;  ballots  for  membership 
canvassed  ;  Report  of  Committee  on 
Tests  of  American  Iron  and  Steel  ; 
Report  of  Committee  on  Method  of 
Nominating  Officers  ;  Codification  of 
Constitution  and  By-Laws,  and  pro- 
posed amendments  discussed  and 
recommendation  adopted,  93. — 
Commiitee  on  Method  of  Nominat- 
ing Officers  contmued,  94. 

Mississippi  River,  The  dangers  threat- 
ening the  navigation  of  the  Missis- 
sippi River  and  the  reclamation  of  its 
alluvial  land.s,  by  B.  M.  Harrod,  42. 

Morison,  George  S. — Amendment  of- 
fered by,  90  — Discussion  by,  38,  43. 
— Makes  Report,  4,  45,  92. — On 
Committees,  i,  4,  44,  47. 

Museum.     (See  Library.) 

New  Books  on  Engineering  and  Technol 

ogy.     (See  Books.) 
New  methods  of  detecting  overstrain   in 

Iron,  by  R.  H.  Tkl'rsion,  15. 
Nicholson,  George   B. — Admitted   as 

Member,  37,  80. 
NicoLLS,    William    J. — Admitted    as 

Member,  38,  80. 
Noble,   Alfred. — Transferred,   Junior 

to  Member,  20,  22. 
Non-resident  Membership  defined,  3. 
NoRM.-vN,  George  H. — On  Committee, 

47- 


VIII 


NORMAN. 

Norman  Medal.  No  paper  received,  121. 
— Presentation  of,  i. — Rules  for 
award  of,  53,  79,  87. 

Norman   Book  Prize,   Presentation  of,  i. 

North,  Edward  P.— Abstract  of  Paper, 
by,  12. — Amendment  proposed  by, 
28,  38. — Description  by,  42. — Dis- 
cussion by,  37,  38,  43  44,  57,  89,  90. 
— On  Committee,   4. — Reports,  21. 

Notes  and  Memoranda,  Exposition  at 
Paris,  6.  —  United  States  Board  to 
test  Iron,  Steel  and  other  metals, 
22. 

Notes  of  Meetings,  23. 

Ogden,  W1LLI.A.M  B. — Memoir  of,  67. 

Overstrain  in  Iron,  new  method  of  de- 
tecting. •  (See  new  method.) 

Paine,  William  H. — Discussion  by, 
37)  3^'  I3i>  '32- — Elected  Director, 
92. — On  Finance  Committee,  132. — 
Presides  at  meetings,  131,  132. 

Papers  for  distriluition,  78. 

—  presented,  117.  —  Published,  117. — 
Requests  to  contribute  ,13. 

Paris  Exhibit  of  American  Engineering. 
— Resolntion  passed  as  to  contribu- 
tions, subscriptions  and  securing 
space. — Committee  appointed  to 
select  a  Commissioner,  i. — Circulars 
issued. — Space  assigned. — Commit- 
tee Reports. — T.  E.  Sickle.s  ap- 
pointed Commissioner  at  Paris. — 
George  S.  Morison,  Edward  P. 
North  and  John  Bogart,  ap- 
pointed Committee  to  prepare  Ex- 
hibit, 4. — Committee  Reports,  5,  21, 
37,  45,  92. — Abstract  of  Report,  54. 

—  Committee  receives  thanks  of  So- 
ciety, 92.  — Society  Exhibit  receives 
Grand  Prize,  114. 

Parker,  George   A. — <  )n   Committee, 

47- 

Pavements,  89. 

Permanent  quarters  for  Society,  Com- 
mittee on,  45,  83,  92,  127. 

Permanent  way  of  Railways  in  Great 
Britain  and  Ireland,  with  especial 
reference  to  the  u.se  of  timber,  pre- 
served and  unpreserved,  by  John 
Bog  ART,   131, 

Philbkick,  Edward  S. — Abstract  of 
Paper,  78,  87.  — Address  by,  40,  42. 

—  Discussion  by,  38,  46. — On  Com- 
mittee, 38,  47. — Paper  by,  15. — 
Presides  at  Convention,  40,  47. 

Phonograph, 22. 

PoiNlER,  P.  Porter. — Memoir  of,  74. 
Post,  James  C— Admitted  as  Member, 
5,  20. 


PRINCE. 

Prince,  Edward. — Admitted  as  Junior, 
5,  20. 

Propositions  for  membership.  Amend- 
ment to  Constitution  relating  to,  2, 

95-. 
Publications  received,  120. 

Railroads,  46. 

Rain  fall.  Distribution  of  Rain  fall 
during  the  great  storm  of  October, 
1869,  by  James  B.  Francis,  44. 

Raymond,  Charles  W. — Discussion 
by,  57-— Paper  by,  131. 

Reading  Railroad,  early  constructions 
and  locomotives,  by  Moncure  Rob- 
inson, 23. 

Reeves,  Samcel  J. — Death  announced, 
134- 

Reminiscences  and  experiences  of  early 
engineering  operations  on  railroads, 
with  especial  reference  to  steep  in- 
clines,   by   W.   MiLNOR   Roberts, 

■37- 
Report,  Annual  of  Board  of  Direction, 
91,  115. — Members,  number  and  in- 
crease, 115.  —  Proposals,  elections 
and  qualifications, — Meetings, — 
Tenth  Annual  Convention, — Re- 
ports made  during  year,  116. — 
Papers  and  discussions  published. 
Papers  and  discussons  presented,  117. 
— Contents  of  Proceedings, — Certifi- 
cates of  Membership,  118. — Issue  of 
and  delay  in  Transactions, — Finan- 
cial statement,  payment  of  previous 
liabilities  and  freedom  from  debt, — 
Members  in  arrears  for  dues  and 
amount  of  arrearages, — Endeavor  to 
obtain  payment  of  arrears,  119. — 
Library  increase, — Papers  contrib- 
uted,—  Subscribed  for  and  received 
in  exchange,  120. — Present  state  of 
the  Library, — No  Paper  for  the  Nor- 
mal Medal  during  year. — Commit- 
ees  continued,  discontinued  and 
appointed,  121  —  Lease  of  Society 
House, — Amendments  to  Constitu- 
tion and  By-Laws  adopted,  122. — 
Codification  of  Constitution  and  By- 
Laws, — Amendments  pending, — 
Recovery  of  stock  and  accumulated 
Dividends  belonging  to  the  Society. 
— Deaths  of  Members,  123. 

—  of  Treasurer,  51,  91,  124. 

—  of  Committees.     (See  Connnittees.) 

Reports  made.  List  of,  1 16. 

Resignations.     (See  List  of  Members.) 

Resistances  of  Railway  Curves,  The  the- 
oretical, by  Samuel  Whinery,  37, 
38. 


IX 


RESISTANCES. 

Resistances  of  Railway  Trains,  Commit- 
tee on,  45,  91. 

Resident  Membership  defined,  3. 

Resolutions,  As  to  Amendments  to  Con- 
stitution and  By-Laws,  93,  94. — As 
to  Committee  on  Methods  for  Election 
of  Officers,  38. — As  to  Eleventh  An- 
nual Convention,  93. — As  to  im- 
provements at  mouth  of  the  Mississ- 
ippi, 43. — As  to  invitation  to  Con- 
vention, 93. — As  to  maximum  econ- 
omy in  the  use  of  steam,  81,  90, 
109. — As  to  the  "use  of  the  Metric 
System.  (See  Metric.) — As  to  the 
further  consideration  of  the  Metric 
System,  5,  7. — As  to  Committee  on 
Nominations,  44. — As  to  the  Paris 
E.xposition,  i,  4,  45,  92. — As  to 
Society  rooms  being  open  on  Thurs- 
day evenings,  21. — As  to  Tenth 
Annual  Convention,  47. — As  to  tri- 
angulations  of  the  Coast  Survey,  21. 

Reviews  of  Society  Papers  in  foreign 
periodicals,    12. 

Roberts  W.  Milnor. — Address  at 
Convention,  40. — Discussions  by, 
22,  42,  43,  46,  132. — Elected  Pres- 
ident OF  THE  Society,  92.— On 
Committee,  5. — Paper  by,  37. — 
Presides  at  meetings,  i,  4,  15,    21, 

22,  37,  38.  57,  91,  131- 
Robinson,  Moncure. — Paper  by,  23. 
Rood,  Thomas,  admitted    as  ^Iember, 

38,  55- 

S.\NDBERG,  C.   p. — Resignation    of,   20. 

SCHOTT,  C.  RiDGELY. — Death  an- 
nounced, 56,  81,  123. — Committee 
to  prepare  memoir,  81. — Memoir  of, 
128. 

Schuyler,  John. — Discussion  by,  89. 

Se.\rles,  William  H — Discussion  by, 
37,  38,  41,  44,  132. — Reprint  of 
paper  by,  78. 

Sears,  Clinton  B.  -Review  of  Paper 
by,  12. 

Shinn,  William  p. — Discussion  by,  43. 
— Makes  report,  45,  91. — On  Com- 
mittee, 44. 

Sickles,  T.  E. — Appointed  Commis- 
sioner at  Paris,  4. 

Sites,  Wilmon  W.  C. — Admitted  as 
Member,  93,  114. 

Smith,  C.  Shaler  — Abstract  of  Paper 
by,  12. 

Smith,  C.  Vandervoort.— Elected 
Director,  92. — On  Finance  Commit- 
tee, 132. 

Smith,  Hamilton,  Jr. — Admitted  as 
Member,  142. 


SMITH. 

Smith,  W.    Sooy. — Makes  report,    45, 

126. 
Society  Meetings.     (See  Minutes.) 
South  Pass  Jetties,  Description  and  inci- 
dental Notes  and  Memoranda,  by  E. 

L.  Corthell,  41. 
South  Pass  Jetties,   Resolutions   in  refer- 

ance  to,  43. 
Standards  of  Measurement,   34,   53,   79. 

87. 
Stauffer,    D.    McN. — Paper   by,    89, 

132. 
Steam  Engines,  46. 
Steam,  Maximum  economy  in  the  use  of, 

— Resolution,  81,  90,  109. 
Stearns,  Fred.  P. — Admitted  as  Mem  • 

ber,  90,  114. 
Steele,    J.    Dution. — Discussion    by 

38,  43,  45,  46. — Resolution   l)y,  43, 

45- 
Stock  recovered,  95,  123. 
Stresses  developed   in   Metallic  bars    by 

applied      forces,      by      Theodore 

Cooper,  57,  81. 
Striedinger,   Julius   H. — Abstract  of 

paper  by,    87. — Discussion   by,  81, 

132. — Paper  by,  4. — Presentation  of 

Norman  Book  Prize  to,  i. 
Sub-marine    Telephoning,  by    CHARLES 

W.  Raymond,  131. 
Surveys,  46. 
SwEET,  Elnathan,    Jr. — Admitted    as 

Member,  93,   143. 

Tasker,    Thomas   T. — Resignation  of, 

144. 
Tenacity  of  metals,  41. 
Tests  of  Iron  and   Steel,  Committee   on, 

45,58,  82,93,  126. 
Thursday  evenings,    13,    19,   21,  34,  54, 

79,  87,  114,  130,  134. 
Thurston,    Robert    H. — Abstract    of 

paper  by,  87. — Papers  by,  15,  41. — 

Presides  at  Meeting,  5. 
Tidal  Currents,   Law   of,  by  JULIUS   H. 

Striedinger,  22. 
TiDD,  Marshal  M. — Admitted  as  Mem- 
ber, 90,  114. 
Torsion,  Resistance  of  Metals  to,  41. 
Tracy,  John  F. — Death  announced,  5, 

14,     123. — Committee     to    prepare 

Memoir,  5. — Memoir  of,  71. 
Transactions,   Complete  sets  of,  19,   34, 

53.    79,    87,    142. — Publication    of, 

119. 
Treasurer,  Report  of,  51,  91,  124. 
Tucker,  Stephen  D. — Resignation  ofj, 

144- 
Tyson,  Henry. — Memoir  of,  no 
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UNIFORM 

Uniform  accounts  and  returns  of  railroad 
companies, — Committee  on,  45,  91 

VanWinkle,  Edgar  B.- -Discussion  by, 

81. 
Veazie     J. — Discussion     by,     44. — On 

Committee,  47. 

Walling,  H.  F. —Discussion   by,  42. — 

On  Committee,  47. 
Whinery,  Samuel. — Paper  by,  37. 
White, W.  Howard. — Discussion  by,42. 
Whitman,  T.  J. — Invitation  by,  45. 


WHITTExMORE. 

Whittemore,    Don   J. — Discussion  on 

Cements,  43. 
Wightman,   Henry   M. — On  Commit- 
tee, 47. 
WiLBOR,   Frederick  M. — Admitted  as 

Member,  90. 
Worthen,     William     E. — Discussion 

by,  15,   38,  91,    131,    132. — Presides 

at  Meeting,  81. 
Wood,  DeVolson. — Discussion  by,  41, 

42,  43,  44. — Resolution  by,  44. 
Yardley,  Edmund. — Discussion  by,  22, 

37,  46,  57- 


Imcricmt  .|o(ietii  of  fi'nl   fnqincen. 
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Vol.    IV,   January,    1878. 

MINUTES    OF    M  E  E  T I N  a  S 

(Abstract  of  such  as  may  be  of  general  iutercst  to  members.) 


OF  THE  SOCIETY. 

Jaxuaky  2d,  1878. — The  Society  met  at  8  p.  m.,  Vice-President  Eob- 
erts  iu  the  chair.  -The  Xormau  Medal  was  presented  to  WiUiam  W. 
Maclay,  and  tlie  Norman  Prize  of  Books  was  presented  to  Julius  H. 
Striedinger. 

The  following  amendment  to  the  By-Laws  was  moved  by  Mr.  John 
Bogart,  and  seconded  by  Messrs.  G.  Leverich  and  George  S.  Greene,  Jr. 

By-Laws,  Section  23,  Sub-section  5,  strike  out  the  clause  in  brackets 
following  this  Sub-section,  and  leave  the  Sub-section  so  as  to  read  as 
follows  : 

5th.  A  Junior  shall  be  one  who  has  had  actual  practice  in  some  of  the  branches  of  civil, 
military,  mining,  or  mechanical  engineering,  for  not  less  than  two  years  ;  or  if  a  graduate  of  a 
scientific  or  collegiate  institution,  for  not  less  than  one  year. 

Under  the  rule  this  will  be  voted  upon  by  letter-ballot. 

The  following  resolution  was  passed  : 

Resolved,  That  the  Secretary  of  the  S  iciety  be  requested  to  address  a  circular  to  the  mem- 
bers of  the  Society,  asking  voluntary  contributions  tor  exhibition  at  the  Paris  Exposition,  and 
inviting  subscriptions  of  money  to  enable  the  Society  to  make  a  proper  exhibition  ;  and  that 
he  be  requested  to  secure  the  necessary  space  for  the  use  of  this  Society. 

The  follo-u-ing  resolution  was  also  i^assed : 

Resolved.  That  a  committee  of  three  be  appointed  by  the  Chair  to  select  some  member  of 
the  Society  to  serve  as  sole  Commissioner  of  the  oooiety  at  tlie  Paris  Exposition— »uch  selec- 
tion to  be  reported  for  action  at  the  next  regular  meeting  of  the  Society. 

Under  this  resolution,  the  following  committee  was  appointed:  Messrs. 
George  S.  Morison,  Albert  Fink,  and  John  Bogart. 


The  result  of  the  ballots  on  ameudments  to  the  Constitution  and  By- 
Laws  was  then  declared  as  follows  : 

On  the  following  amendment  to  the  Constitution — 

Article  XIX.— For  "two"  insert  "  five  "  and  for  "thirty"  insert  "twenty-five".  The 
article  will  then  read  : 

All  candidates  for  admission  to  the  Society  must  file  statements,  by  themselves,  setting 
orth  the  grounds  of  their  claim  to  be  elected  ;  be  proposed  by  at  least  five  members  of  the 
Society,  to  whom  they  must  be  personally  known,  and  a  notification  of  the  same  sent  to  each 
member  whose  address  is  on  record.  Each  proposition,  with  the  names  of  the  proposers,  must 
be  posted  in  some  conspicuous  jalace  in  the  rooms  of  the  Society  for  at  least  twenty-five  days 
before  being  submitted  to  vote.  All  papers  and  applications  shall  be  laid  before  the  Board  of 
Direction,  and  be  reported  upon  previous  to  action  by  the  Society. 

There  were  112  yeas,  8  nays,  and  no  blanks.  This  amendment  was 
declared  adopted. 

On  the  following  amendment  to  the  Constitution — 

Article  XX. — For  "  thirty"  insert  ''twenty-five,"  and  for  last  clause  insert  as  below.  The 
article  will  then  read  : 

In  elections  for  membership,  of  either  class,  members  shall  vote  by  letter,  or  by  iKillot  in 
the  usual  way,  and  the  result  shall  be  announced  at  the  next  regular  meeting  held  after  twenty- 
five  days  have  elapsed  from  the  time  of  mailing  the  notification.  Negative  ballots  exceeding 
five  per  cent,  of  the  total  number  canvassed  shall  exclude. 

There  were  20  yeas,  97  nays,  and  3  blanks.  This  amendment  was 
declared  lost. 

On  the  following  amendment  to  the  Constitution — 

Article  XX. — In  elections  for  membership  of  either  class,  members  shall  vote  by  letter 
or  by  ballot,  in  the  usual  way,  and  the  result  shall  be  announced  at  the  next  regular  meeting 
held  after  thirty  days  have  elapsed  from  the  time  of  maUing  the  notification.  Five  or  more 
ballots  cast  ia  the  negative  shall  exclude.  Members  notified,  but  not  responding,  shall  be 
classed  as  voting  in  the  affirmative. 

There  were  92  yeas,  26  nays,  and  2  blanks.  This  amendment  was  de- 
clared adopted. 

On  the  following  amendment  to  the  Constitution — 

Article  XX. — For  "three"  insert  "ten;"  the  Article  otherwise  will  read  as  the  pre- 
ceding. 

There  were  9  yeas,  100  nays,  and  11  blanks.  This  amendment  was 
declared  lost. 

On  the  following  amendment  to  the  Constitution — 

Article  (A  nevp  Article) — The  Board  of  Direction  may,  for   sufficient  cause,  excuse 

from  payment  of  annual  dues  any  member  distinguished  in  his  professional  career,  or  who 
from  ill  health,  advanced  age,  or  other  good  reason  assigned,  has  a  scanty  income  ;  and  the 
board  may  remit  the  whole  or  part  of  assessments  in  arrears,  or  accept,  in  lieu  thereof,  desira- 
ble additions  to  the  Library  and  Museum. 

There  were  41  yeas,  76  nays,  and  3  blanks.  This  amendment  was  de- 
clared lost. 

On  the  following  amendment  to  the  Constitution — 

Article  (A  new  Article) — Upon  the  written  request  of  ten  or  more  members  that,  for 

cause  therein  set  forth,  a  person  belonging  to  the  Society  be  expelled,  the  Board  of  Direction 
shall  consider  the- matter,  and,  if  there  be  sufBcient  reason,  shall  advise  the  accused  that  his 
resignation  will  be  accepted.  He  may,  upon  demand,  receive  a  copy  of  the  charges  against 
him  and  present  a  written  defense.    Two  months  after  such  advice  was  given,  the  Board  of 


Direction  shall  finally  consider  the  case,  and,  if  resignation  has  not  been  tendered,  or  a  satis- 
factory defense  made,  may  then  expel  the  accused.  Such  action  shall  be  stated  to  him  and 
the  Society,  and  this  shall  be,  in  any  event,  the  only  public  announcement  of  the  matter. 

Tliere  were  11  yeas,  103  uays,  and  6  blanks.  This  amendment  was 
declared  lost. 

On  tlie  following  amendment  to  the  Constitution — 

Article  (A  new  Article.)    Upon  the  written  request  of  ten  or  more  members,  that 

for  cause  therein  set  forth,  a  person  belonging  to  the  Society  be  expelled,  the  Board  of 
Direction  shall  consider  the  matter,  and  if  there  is  sufficient  reason,  shall  advise  the  accused 
that  his  resignation  will  be  accepted.  He  may,  upon  demand,  receive  a  copy  of  the  charges 
against  him,  and  present  a  written  defence.  Two  months  after  such  advice  was  given,  the 
Board  of  Direction  shall  finally  consider  the  case,  and  if  resignation  has  not  been  tendered  or 
a  satisfactory  defence  made,  will  then  notify  the  member  that  he  will  be  exi  elled  in  one 
month,  unless  he  elects  to  appeal  from  this  decision.  Appeals  will  be  submitted  to  the  Society 
by  letter  ballot.  In  case  no  appeal  be  made,  the  Board  of  Direction  will  expel  the  member  and 
notify  him  and  the  Society  of  the  same,  or  of  the  action  of  the  Society  ou  appeal,  and  the  above 
shall,  in  any  event,  be  the  onlj-  public  announcement  of  the  matter. 

There  were  98  yeas,  19  nays,  and  3  blanks.     This  amendment  was  de- 
clared adopted. 

On  the  following  amendment  to  the  Constitution — 

Aeticle  XXII. — (To  read.)  Persons  thus  elected  and  duly  qualified,  who  reside  within 
fifty  miles  of  the  post  office  in  the  City  of  New  York,  shall  be  deemed  Kesident;  and  those 
who  reside  beyond  this  limit  shall  be  deemed  Non-Resident.  The  membership  of  any  person 
shall  begin  on  the  day  of  his  election. 

There  were  111  yeas,  4  nays,  and  5  blanks.  This  amendment  was  de- 
clared adopted. 

On  the  following  amendment  to  the  Coustitvition — 

Article  XXIX. — (To  read.)  Members,  who  become  Residents  or  Non-Residents  by 
removal  into  or  beyond  the  limits  pi-escribed  in  Article  XXII.,  shall  be  subject  to  assessmenta 
in  the  class  in  which  they  were  on  the  day  of  the  annual  meeting,  as  may  appear  upon  the 
records  of  the  Society,  or  by  written  notice  to  the  Secretary. 

There  were  114  yeas,  2  nays,  and  4  blanks.  This  amendment  was  de- 
clared adopted. 

On  the  following  amendment  to  the  Constitution — 

Article .  (A  new^Article.)    Members  in  arrears  for  more  than  one  year's  annual  dues 

shall  not  be  allowed  to  vote  until  such  dues  are  paid. 

There  were  115  yeas,  4  nays,  and  1  blank.  This  amendment  was  de- 
clared adopted. 

On  the  following  amendment  to  the  By-Laws — 

Section  30.  (To  read  :)— Special  committees  to  report  upon  engineering  subjects,  shall  be 
authorized  only  by  a  majority  of  the  votes  cast  by  the.Society,  and  in  the  following  manner: 
Any  resolution  proposing  such  a  committee  shall  be  referred  to  the  Board  of  Direction,  which 
shall  examine  the  same  and  report  to  the  Society  a  concise  statement  of  the  argument  against 
the  appointment  of  such  committee.  The  mover  of  the  resolution  under  consideration  shall 
be  invited  to  present  the  arguments /oi-  the  same,  under  a  limit  of  occupying  no  more  than 
one-hilf  page  of  the  printed  proceedings  in  their  presentation  ;  the  same  limit  to  obtain,  also, 
in  the  case  of  the  argument  ag'aiHs/;  said  invitation  shall  be  extended  to  the  mover,  at  least 
one  month  before  the  argument  is  needed  to  go  upon  the  letter  ballot,  and  if  not  furnished  by 
that  time,  no  argument  for  the  resolution  shall  be  presented.  The  statements  of  argument 
shall  be  printed,  and  issued  to  the  Society  with  letter  ballot  ;  or,  if  the  Board  fails  to  report 
within  one  month,  the  letter  ballot  shall  be  issued  without  comment ;  or,  the  Society  may  vote 


by  ballot  at  the  Annual  Mepting,  or  in  Annual  Convention,  npon  surh  resolution  within  one 
month  after  it  has  been  sulimittecl  to  the  Board  of  Direction.  Ko  mover  of  a  resolution  shall 
serve  in  the  presentation  of  arguments  against  a  resolution  under  this  Ly-Law,  while  the  reso- 
lution offered  by  him  is  pending  a  vote  of  the  Society. 

There  were  77  yeas,  29  nays,  and  14  blanks. 
Upon  the  announcement  of  this  ballot,  the  presiding  officer  de- 
cided that  the  14  blank  ballots  ought  not  to  be  counted  as  part  of  the 
vote,  and  that  the  vote  stood  77  yeas  and  29  nays.  An  api)eal  was 
taken  from  this  decision,  and  by  vote  the  decision  was  reversed.  This 
amendment  was  then  declared  lost. 

Janitaey  IGth,  1878.— The  Society  met,  Mr.  Geo.  S.  Greene  in  the 
Chair.  A  paper  entitled,  "On  Igniting  Blasts  by  means  of  Electricity," 
by  Julius  H.  Striedinger,  was  read. 

Februaky  6th,  1878. — The  Society  met,  Vice-President  Roberts  in 
the  Chair.  The  Secretary,  Mr.  John  Bogart,  reported  issue  of  circulars 
in  reference  to  the  Paris  Exhibition,  and  also  that  on  his  application  as 
directed  by  resolution  of  January  2d,  a  fair  space  in  a  good  location  had 
been  assigned  the  Society  by  the  Commissioner  General  of  the  United 
States  for  the  Paris  Exposition. 

Mr.  Geo.  S.  Morison,  Cliairman,  presented  the  rej^ort  of  the  Com- 
m'ittee  appointed  January  2d,  as  follows  : 

The  committee  appointed  to  select  a  Commissioner  to  represent  this  Society  at  the  Paris 
Exposition  of  1878,  begs  leave  to  report  : 

That  they  have  selected  Mr.  X.  E.  Sickels.  as  a  gentleman  eminently  suitable  for  the  posi- 
tion, and  recommend  that  he  be  ajipoiuted  Commissioner. 

The  CoLomittee  have  had  under  consideration  two  jDossible  classes  of  commissioners, 

1st.  A  young  man  who  would  give  his  whole  time  to  the  care  of  the  exhil>it. 

2d.  An  Eugiueer  who  could  serve  as  repr^  sentative  of  the  Society,  be  able  to  introduce  its 
members  to  foreign  Engineers  and  secure  means  of  acci-ss  to  foreign  works,  leaving  details  of 
the  care  of  the  exhibits  to  an  assistant  of  his  own  selection. 

The  latt'  r  class  has  been  preferred  by  the  Committee,  and  therefore  Mr.  T.  E.  Sickels,  who 
has  exceptional  advantages,  is  on  intima:e  terms  wiih  the  Commissioner  General,  and  who 
expects  to  be  in  Palis  during  the  contiiiiiance  ol  the  Exposition,  has  been  selected. 

The  Committee  also  suggest  the  f  'Uowing  resolution  : 

That  a  committee  of  three  be  apijoiuted  by  the  Chair  to  co-operate  with  the  Commissioner 
in  preparing  a  suitable  exhibition  on  the  part  of  the  Society,  such  comm  ttee  to  be  aulhoiized 
to  obtain  for  the  purpose,  by  lo:n  or  gift,  stich  drawings,  models,  photogra)  hs  and  other  ob- 
jects as  shall,  in  their  opinion,  form  a  representative  collection  of  Auiericau  Engineering 
works  ;  also  to  have  the  direction  of  the  expenditure  of  the  funds  voluntarily  contributed  for 
these  purposes. 

The  report  of  the  Committee  was  accepted,  its  recomiuendations 
adopted  and  Mr.  T.  E.  Sickels  was  chosen  as  Commissioner  to  represent 
the  Society  at  the  Paris  Exposition. 

Tlie  resolution  as  recommended,  was  adopted,  and  the  following  Com- 
mittee was  apiiointed  in  accordance  therewith  : 
Geo.  S.  Moeison, 
Edwaed  p.  North, 
John  Bogart, 


The  tellers  reported  tbat  upon  tlie  ballot  upon  the  following  resolu- 
tion 

Eesolved,  That  the  further  cousideratiou  of  the  metric  system  of  weights  ami  measux'es  bo 
indefiuitely  postponed, 

There  were  102  Ayes  and  57  Noes.  This  resolution  was  declared 
adopted. 

Ul3on  the  ballot  on  the  question  of  adoption  of  the  memorial  in  refer- 
ence to  the  extension  of  the  triangulatious  of  the  coast  survey,  and  also 
upon  the  ballot  for  admission  of  new  members,  questions  of  order  were 
raised  anu  these  ballots  were  referred  to  the  Board  of  Direction.  The 
Society  adjourned  to  Ftbruary  20th,  at  8  p.  m. 

Febeuaey  20th,  1878. — A  meeting  of  the  Society  adjourned  from 
February  6th,  was  held  at  8  p.  m.  ,  Mr.  R.  H.  Thurston  in  the  Chair. 
The  death,  on  February  13th,  of  Mr.  John  F.  Tracy,  Fellow  of  the 
Society,  was  announced  by  the  Secretary,  and  W.  Milnor  Roberts  and 
Milton  Courtright  were  appointed  a  committee  to  prepare  a  memoir  of 
the  deceased. 

The  Committee  on  Exhibit  at  Paris  reported  that  arrangements 
had  been  made  for  constructing  a  structure  to  be  set  in  the  Exposition 
l)uilding,  so  as  to  obtain  ample  wall  space.  Also  that  estimates  of  the 
necessary  expenses  of  the  Exhibit  had  been  made  and  a  circular  letter 
prepared  which  was  presented  and  read.  The  action  of  the  Committee 
was  approved. 

The  action  of  the  Board  of  Direction  upon  the  questions  referred  to 
it  at  meeting  of  Society  of  February  6th,  was  reported  as  follows  : 

1st.  That  the  candidates  voted  for  on  ballot  of  February  6th,  1878, 
were  duly  elected,  as  follows  :  As  members — C.  Frank  Allen  ;  C.  G. 
Force,  Jr.  ;  Charles  P.  Gilbert  ;  Edwai'd  Marsland;  James  C  Post.  As 
Juniors — Ira  E.  Clark  ;  Norman  B.  Kellogg  ;  Edward  Prince. 

2d.  That  as  among  the  ballots  cast  upoia  the  adojation  of  the  memorial 
in  reference  to  the  triangulations  of  the  Coast  Survey,  there  were  some 
admitted  from  members  in  arrears  for  more  than  one  year's  annual  dues, 
and  as  the  vote  upon  this  question  was  wdthin  one  of  a  tie  vote,  there- 
fore the  question  of  the  adoption  of  that  memorial  should  be  again 
submitted  to  the  Society. 


OF  THE  BOARD  OF  DIRECTION. 

Jantjaky  2d,  1878. — The  Board  met  and  determined  that  an  abstract 
of  the  discussion  in  reference  to  the  metric  system  at  the  annual  meet- 
ing and  of  letters  since  received  upon  that  subject,  should  be  prepared 
lay  the  Secretary  and  sent  out  with  the  letter  ballot  upon  the  resolu- 
tion indefinitely  posti^ouing  the  further  consideration  of  the  metric 
system.     It  was  also  determined  that  arguments  should  be  prepared  by  a 


committee  and  submitted  with  the  letter  ballot  upon  the  adoption  of  the 
proposed  memorial  in  reference  to  the  extension  of  the  triaugulations  of 
the  United  States  Coast  Survey.  Applications  for  membership  were 
considered. 

Jantjaky  IGth,  1878.  —  AppHcations  for  membershii)  were  considered. 

February  6th,  1878. — Apjilications  for  membership  were  considered. 

February  1  8th,  1878. — Applications  for  membership  were  considered. 
The  subject  of  the  ballots  referred  to  the  Board  by  the  Society,  Febru- 
ary 6th,  was  considered,  and  action  taken  as  follows  :  1st.  That  all  the 
candidates  for  membershiiD  on  the  ballot  list  voted  for  Febriiary  6th, 
1878,  were  elected.  2d.  That  as  among  the  ballots  cast  upon  the  adop- 
tion of  the  memorial  in  reference  to  the  triangulations  of  the  coast  sur- 
vey, there  were  some  admitted  from  members  in  arrears  for  more  than 
one  year's  annual  dues,  and  as  the  vote  upon  this  question  was  within 
one  of  a  tie  vote,  therefore  the  question  of  the  adoption  of  that  memo- 
rial should  be  again  submitted  to  the  Society. 


NOTES    AND    MEMORANDA. 


EXPOSITION  AT  PARIS.  1878. 


The  following  circular  letter  was  prepai-ed 
by  the  Committee  on  the  Exhibit  of  the  So- 
ciety a1  Paris,  and  approved  at  the  meeting 
of  Society,  February  20th,  1878:— 

February  2.5th,  1878. 

Dear  Sir  — At  the  meeting  of  the  Society, 
Jan.  2d,  1878.  it  was  determined  to  take  action 
towards  securing  for  the  Paris  Exposition  an 
exhibit  of  Engineering  in  the  United  States. 
The  secretary  was  directed  to  secure  sijace, 
and  a  committee  was  appointed  to  suggest  a 
commi-sioner  to  represent  the  Society.  The 
committee  found  tliat  a  well  known  member 
of  the  Society,  Mr.  T.  E.  Sickels,  intended  to 
be  in  Paris  during  the  Exposition,  and  had 
already  been  requested  by  the  United  St  tes 
Commissioner-General  to  assist  in  having  en- 
gineering well  represented.  The  advantages 
of  having,  as  the  representative  of  the  .Society, 
an  engineer  of  standing  who  would  also  be  in 
close  relations  with  the  authorities  at  Paris, 
were  apparent,  and  at  the  meeting  of  Feb.  Clh 
Mr.  SicUels  was  appointed  Commissioner  to 
represent  the  Society.  The  undersigned  were 
appointed  a  committee  to  assist  in  securing  a 
good  exhibit,  and  to  arrange  in  reference  to 
the  funds  lequisite  to  ensure  success. 


The  space  secured  for  the  exhibit  is  21  feet 
long  and  16  feet  wide,  at  the  junction  of  two 
main  aisles,  with  passage-way  on  all  sides  and 
the  use  of  the  wall  surfaces  back  of  this  space. 
Upon  this  th"  committee  purpose  erecting  a 
frame-work  structure,  so  as  to  obtain  all  pos- 
sible wall  area,  and  to  have  a  floor  above  for 
models,  plans  in  ijortfolio,  albums,  &c.  The 
divisions  of  the  struc'ure  will  be  assigned  to 
various  departments,  so  that  bridge  super- 
structures, foundations,  rolling  stock,  manu- 
facture of  steel  and  iron,  hydraulic  and  steam 
machinery,  pumping  engines,  turbines,  im- 
provement of  rivers  and  harbors,  inland  navi- 
gation, canals,  and  if  drawings  are  obtained, 
other  branches  of  engineering  may  be  intelli- 
gently reprcsente  1  in  separate  departments. 
Drawings  of  characteristic  works  actually 
constructed  will  be  exhibited  uptm  the  walls, 
and  additional  drawings  and  photographs  col- 
let ted  in  portiolios.  Some  models  will  also 
be  secnr  d. 

The  committee  has  endeavored  to  keep  the 
estimate  of  expenditures  very  low.  The  Com- 
missioner serves  without  comijensation.  The 
structure  will  be  friimtd  here  at  small  cost. 
We  are  assured  of  all  possible  facilities  fronk 


the  Commissioner-General,  who  is  personally 
anxio\is  for  the  success  of  the  exhibit.  An 
attoudant  will  be  required,  but  it  is  thought 
that  one  may  be  found  in  Paris  at  moderate 
cost.  It  is  believed  that  the  entire  expense 
can  be  brought  within  S1500.  It  is  desirable 
that  the  amount  subscribed  should  exceed 
this  expense,  so  as  ta  provide  for  printing  aud 
distributing  to  ourmemb  rssuch  information 
as  may  be  collected  at  Paris.  This  c  mmittee 
is  directe  1  by  the   Society  to   appeal  to  its 


members  for  the  requisite  subscription.  Busi- 
ness is  not  such  as  to  warrant  an  expectation 
of  many  large  subscriptions.  But  a  number 
of  moderate  subscriptions,  added  to  the  lar- 
ger ones  of  those  members  who  can  afford  to 
make  them,  will  assure  success. 

Will  you  Uiudly  notify  the  committee  if  you 
can  subscribe,  and  wheth  r  you  have  any 
plans  or  models  you  desire  to  exhibit? 

Geo.  S.  Morison, 

RnwARD  P.  North,  )  Committee. 

John  Bogart, 


METRIC  SYSTEM  OF  WEIGHTS  AND  MEASURES. 


In  sxibmitting  to  vote  of  the  Society  the  fol- 
lowing resolution,  offered  at  the  annual  meet- 
ing, "  Kesolved,that  the  further  consideration 
of  the  metric  system  of  weights  aud  measures 
be  indefinitely  postponed,"  the  Board  of 
Direction  issued  with  the  ballot  the  following 
abstract  and  letter  : — 

Abstract  of  tlie  discussion  at  annual  meet- 
ing, Nov.  7.  1877,  loUowiug  the  presentation 
of  the  report  of  the  Committee  on  Metiic 
System  of  Weights  and  Measures. 

The  report  of  the  committee  was  as  follows: 

G.  Leverich.  Esq..  Secretary  American  Society 
of  Civil  Engineers: 
Dear  Sir. — The  Committee  on  Metric  Sys- 
tem (if  Weights  and  Measures  respectfully 
ask  leave  to  report  at  the  next  annual  conven- 
tion. Will  you  please  present  this  report  at 
the  annual  meeting  ? 

Yours  truly, 

Clemens  Herschel, 
Chairman  for  the  Committee. 

A  member  desired  toknow  what  duties  were 
yet  unperformed  by  this  committee.  It  was 
appointed  to  prepare  a  memorial  to  present 
to  Congress  ;  it  did  prepare  a  memorial  which 
was  submitted  to  the  Society  and  voted  down  ; 
it  is  not  to  be  supposed  that  the  same  memo- 
rial will  be  presented  again  at  the  next  Con- 
vention. 

Another  member  said  that,  as  the  form  of 
memorial  submitted  by  the  committee  had 
not  been  adopted,  it  was  the  duty  of  the  com- 
mittee to  present  another  form  of  memorial. 
The  rejection  of  the  memorial  was  only,  that 
its  form  was  not  satisfactory,  but  is  no  reflec- 
tion  on  the  diligence  of  the  committee. 

A  motion  that  the  committee  be  continued 
was  lost. 

It  was  then  moved  that  another  committee 
be  appointed  to  carry  out  the  wishes  of  the 
Society  in  framing  a  memoi-ial  to  Congress  on 
the  adoption  of  a  Metric  System  of  Weights 
and  Measures,  in  accordance  wth  the  provi- 
sions of  the  resolution  adopted  by  this  Society 
in  appointing  the  former  committee. 


It  was  then  suggested  that  if  a  committee 
be  appointed  for  any  such  purpose,  those 
members  of  the  Society  who  are  not  in  favor 
of  a  metrical  .tiystem  have  an  equal  represen- 
tation with  those  who  are  in  favor  of  it. 

A  member  said  that  there  seemed  to  be  a 
disposition  among  certain  members  to  enforce 
one  particular  system  upon  the  Soci  ty.  He 
did  not  believe  that  the  large  majority  of  the 
Society  would  ever  use  the  metric  system. 
The  Society  voted  to  appoint  the  committee, 
with  only  one  side  of  the  argument  presented 
to  it.  The  papers  in  opposition  to  the  metric 
system  were  not  jmblished  until  alter  the  bal- 
lots were  sent  out.  Two  members  of  the 
committee  withdrew  because  they  were  in  a 
minority,  and  they  did  not  wish  to  be  repre- 
sented on  it.  Afterwards  there  was  a  vote 
which  showed  it  was  not  at  all  the  sentiment 
of  the  Society  that  the  metric  system  should 
be  adopted.  The  Society  voted  as  a  matter  of 
course  for  the  appointment  of  a  committee, 
but  the  Society  voted  against  the  resolution 
presented  by  that  committee. 

It  was  then  moved  that  everything  relating 
to  the  metric  system  or  any  other  system  of 
weights  and  measures  be  indefinitely  post- 
poned. 

A  member  then  said  that,  at  the  Convention 
of  187G  the  following  resolution  was  referred 
to  the  Board  of  Direction  (Proc,  vol.  ii,  p. 
85): 

"  ResnlvefJ,  That  the  American  Society  of 
Civil  Engineers  will  further  by  all  legitimate 
means  the  adoption  of  tlie  metric  standards 
in  the  Office  of  Weights  aud  Measures  at 
Washington,  as  the  sole  authorized  standard 
of  weights  and  measures  in  the  United  States: 
that  the  Chair  appoint  a  coujmittec^  of  five  to 
report  to  the  Socie'y  a  form  of  memorial  to 
Conixress  iu  furtherance  of  the  oliject  ex- 
pressed; and  that  the  foregoing  be  submitted 
to  the  Society  and  voted  on  by  letter  ballot," 

On  December  6th.  187G  (Vroc.  vol.  ii,  p.  173), 
this  resolution  was  f^irected  to  be  submitted 
to  letter  ballot  without  comment.    On  Feb- 


ruary  Vth,  1877  (Proc,  vol.  iii,  i).  7),  the  letter 
ballot  was  canvassed  with  the  result  ot  1S8 
ayes,  73  nays,  and  20  blank.  At  the  Conven- 
tiou  of  1877  (Proc,  vol.  iii,  pp.  47,  48,  52), 
the  committee  appointed  under  this  reso- 
lution reported  a  form  of  memorial.  That 
form  of  memorial  wai  submitted  to  letter 
ballot  and  the  ballot  canvassed  October  3d, 
1877.  This  vote  was  not  on  the  question 
_  whether  a  memorial  should  be  presented  at  all 
but  on  the  adoption  ot  the  form  of  memorial 
as  presented  by  the  committee.  The  state- 
ment of  the  argument  against  it,  is  printed  in 
Proceedings  for  September,  1877  (vol.  iii,  p 
88).  The  most  objectiouable  part  of  the  me- 
morial was  as  follows  ; 

"The  prayer  of  your  memorialist,  the-e- 
fore,  is  fbat  your  honorable  body  mny  euact, 
that  iu  every  publiratiou,  repent,  advertise- 
ment and  I'tlier  olKiial  docuuient  issued  by 
the  Government,  nuli/  the  metric  system  of 
weights  and  measures  shall  be  used  on  and 
after  such  date  as  your  honorable  body  may 
deem  the  most  advisable." 

The  ground  taken  was,  that  this  was  not 
what  the  committee  was  auihorized  to  do, 
and  the  result  of  the  ballot  upon  the  adoption 
of  this  memorial  was  (Proc.  vol.  iii,  p.  8S).  18 
ayes,  96  nays,  anfl  5  blanks.  This  vote  did 
not  dissolve  the  committee;  it  merely  ex- 
pressed a  disapproval  of  what  thej  had  sub- 
mitted. It  is  the  duty  of  the  committee  to 
present  another  form  of  memorial. 

Another  member  said  that,  considering  the 
question  a  very  serious  one,  he  thought  that 
a  more  general  expression  of  the  views  of  the 
Society  should  be  obtained  than  would  be 
I)ossible  by  a  vote  at  this  meeting.  While  it 
may  be  competent  for  action  to  be  taken  now, 
it  would  be  wise  to  give  all  voting  meiubers 
of  the  Society  an  opportunity  to  express  them- 
selves upon  it. 

Another  member  said  it  seemed  only  a  mat- 
ter of  fair  play.  The  orifiiual  resolution  was 
sent  out  without  comment,  and  before  a 
number  of  papers  discuss-ing  the  matter  had 
been  published.  Possibly,  if  the  whole  mat- 
ter was  again  submitted  to  the  Society  the 
vote  might  be  reversed.  But  the  Society  did, 
by  a  large  majority,  vote  tor  the  appointment 
of  a  committee,  and  no  final  action  ought  to 
be  taken,  except  by  the  whole  Siiciety. 

Another  member  said  that,  at  the  Tonven- 
tlon  of  1876,  the  subject  was  sent  to  the  Board 
of  Direction  and  to  letter  ballot,  not  by  a  vote 
of  the  Convention,  but  under  the  By-laws. 
No  vote  was  taken  at  the  Convention  upon 
that  subject.     The  mover  of  the   resolution 


was  allowed  thirty  minutes  to  advocate  it : 
only  one  member  was  allowed  to  speak  iu  op- 
position. The  Society  never  voted  approval 
of  this  system.  The  vote  was  only  upon  the 
appointment  of  a  committee  ;  that  committee 
made  a  report,  and  that  report  was  most  em- 
phatically voted  down.  A  motion  to  continue 
the  committee  has  to-day  been  lost.  Another 
resolution  was  proposed  at  the  Convention  of 
1877  (Proc.  vol.  iii,  p.4s),  for  the  appointment 
of  a  committee  to  consider  and  report  upon 
what  is  the  best  system  of  weights  and  mea- 
suies  for  the  use  of  engineers  iu  the  United 
States.  This  member  also  said  that  while  he 
considered  the  metric  better  than  our  pi-esent 
system,  he  was  not  assured  that  it  was  the 
best  system.  The  Chairman  of  the  Committee 
says  he  does  not  use  it  in  his  own  office.  Its 
use  is  principally  by  schoolmen  and  jsrofes- 
sors.  It  is  based  upon  a  wrong  principle; 
the  unit  is  too  long.  Nothing  like  our  ten 
feet  and  hundred  feet  measures  can  be  used. 
A  better  system  can  be  devised.  The  Society 
ought  nut  to  commit  itse  f  to  an  imperfect 
systi  m. 

It  was  then  ordei'ed  that  the  resolution 
be   submitted  to  the  Society  for  letter  ballot. 

The  following  letter  from  a  member  ol  the 
committee,  is  also  presented  : 

"  It  seems  to  me  that  the  proposed  action 
would  leave  the  Society  in  a  worse  position 
than  it  now  occupies.  It  is  n>w  committed, 
by  a  stKUding  notice  printed  in  Proceedings, 
to  the  policy  of  writing  iu  papers  presented 
hereafter,  'weights  and  diuieusiona  by  the 
metric  syst-m,  in  couueciion  with  those  of 
the  system  in  general  use'  (Proc.  vol.  iii,  p. 
52).  If  we  should  never  take  another  step, 
either  forward  or  backward,  ths  would  be  a 
nuisance.  It  is  the  policy  of  civilized  nations 
to  establish  one  system  of  weights  and  mea- 
sures, and  to  prohibit  the  use  of  others. 
The  United  States,  having  two  discordant 
standards  now  legal,  has  to  dec  de  w  hich  one 
it  will  ultimately  use,  and  which  abolish.  In 
reply  to  a  resolution  of  inquiry  recently  pass- 
ed by  the  House  of  Kepresentatives,  the 
Heads  f  the  Executive  Departments  have 
niiide  reports  as  to  the  practi.  ability  of  adopt- 
ing the  metric  system  exclusively  and  the 
time  wliich  should  be  allowed  for  its  intro- 
ducton:  and  it  is  publicly  stated  that  the 
House  Committee  on  Coinage,  Weights  and 
Measures  will  soon  report  a  bill  making  the 
metric  system  obligatory  in  all  governmental 
transartious.  I  think  it  eminent'y  proper 
that  the  Aitiericau  Society  of  Civil  Engineers 
should  have  an  opinion  on  the  qnostioii.  The 
leading  arguments  on  both  sides  have  been 
presented  in  the  debates  we  have  already  had, 
but  th  /e  are  those  among  us  who  might 
learn  something  from  further  discn.'^sion. 
The  subject  is  of  momentous  importHDce,  and 
the  Society  will  make  itself  ridiculous  if  it 
undertakes  to  treat  it  with  contempt." 


PROPOSED  MEMORIAL. 


In  submitting  to  vote  tlie  proposed  memo- 
rial in  relation  to  the  exteiisiou  of  the  trian- 
gulations  of  tlie  United  States  Coast  Survey 
(see  Proceedings.  Novem'ier,  1877,  vol.  iii., 
page  127).  the  Board  of  Direction  issued  with 
the  ballot  the  foUowint;  arguments: — 
Argument  for  Adoption. 

The  extensive  and  valuable  vvoi-k  of  the 
coast  survey  loses  much  i>f  its  practical  utiliiy 
unless  its  tri  iimulatious  are  m  I'le  availali'e  in 
the  manner  provided  lor  by  previ  >us  Acts  of 
Congress,  and  i  is  very  poor  economy  to  w;i8te 
SO  much  valuable  and  exneusivc  work  by  fail- 
ing to  make  the  comiiara'iveiy  small  ap|)ropria- 
tion  needed  to  provide  for  it.s  prober  utiliza'ion 

The  cost  of  obtaining  the  same  resu'ts  by 
indejieudent  St.ite  surveys  would  vastly  ex- 
ceed the  amou  t  of  the  aupropnations  called 
for.  and  states,  although  they  luive  already 
paid  their  share  ol  the  heavy  ►-xpense  already 
incurred,  will  be  discouraged  from  un  ert  ik- 
ing niucli-needed  surveys  if  they  are  to  be 
thus  unnecessarily  burdened. 


No  class  of  men  are  po  well  aware  of  the 
value  of  coa<t  surve  W"rk  fov  the  purposea 
nicntio  ed  in  the  memorial  as  Civil  Kn;;ineerB, 
and  there  is  accordingly  a  pi'culiiir  fitne-s  in  a 
t'  stimonial  to  (^lngreBS  to  that  tfl'ect  from  the 
American  Society. 

Argument  against  Aooptiok. 

The  views  expressed  in  the  memoria'  as  to 
the  propriety  of  utiliz'Ui;  to  the  fullest  extent 
the  v;il\iable  surveys  made  al'insj  our  loast  by 
the  United  States  Goveriinieiit.  seem  to  be  un- 
excpiitioualile;  and  probribty  few.  if  any,  Civil 
EuL'ineers.who  have  sji veu  the  snbje.  t  thought, 
would  dissent  therefrom. 

A<  iiidivi  inals  probably  a  large  m  ijority  of 
the  American  Society  of  Civil  Engineers  wo'uld 
be  triad  to  see  C"n./resa  act  favoralily  in  the 
premises;  but  it  has  not  lieen.  nor  should  it 
be  tlie  ])olicy  of  tliis  Society,  as  a  body,  asso- 
ciated lor  special  pnriioses  of  mutual  im- 
provement to  undertiketo  i  fluence  Congress 
bv  nieiiiorials.  Ifsohjectmi  h(  be  misunder- 
stood or  mi-;c  'ustrued.  and  it-<  legitimate  in- 
fluence  n  the  country  weakened. 


PROPOSED   AMENDMENT   TO   THE   CONSTITUTION. 


The  following  is  a  corrected  reading  of  the 
amendment  to  the  c  nstitution  ffe'ed  by  Mr. 
Francis  CoUingwood  at  the  annual  meeting, 
Nov  m  er  7th.  1877,  and  will  take  the  place 
of  the  proposed  amendment  as  printed  in 
Proceedings  lor  November,  1877,  vol.  iii., 
page  111 : — 


Articli'  —  {a,  new  ariicle). —  The  Board  of 
Direction  m-.iy.  for  siiffi.  lent  cause,  excuse 
from  jiavnient  of  ai-nual  djies  any  member 
distini;nislied  in  h's  professii'tial  career  and 
who.  fnmi  i  1  health,  advanced  aire,  or  other 
good  r  ason  as>-i;.'n'd.  is  unable  to  pay  such 
dues;  and  the  Board  may  leiiiit  the  whole,  or 
part,  of  assessments  in  airears.  or  aci  opt  in 
lien  the'pof  desirable  addiiions  to  the  librai-y 
ai:d  museum. 


LIST  OF  NEW  BOOKS  ON 

ENGINEERINQ    AND    TECHNOLOGY. 


Under  this  head  will  be  announced  new  books  on  these  and  kindred  subjects,  which  may 
be  professionally  useful  to  members  of  the  Society. 


Alphabets,  Mediseval  and  Modern,  In-tiils 
and  Ornaments.  E.  Gr.  StagoU.  London. 
4to.  illus.      liarnard.     Is  (id. 

Architects  and  Builders  Pocket  Book  of  Use- 
ful Memoranda  and  Prices.  W.  Young. 
London,     :-l2iiio.     Span.     4s.  6d. 

Arithmetical     Instruction,     an      Ea=ay     on 

Methods   of   .      F.    W.    Bardwell. 

New  York.     18ino.     Putnam.     $0  15. 

Arts.  The  Decorative .     \\illiam   Morris. 

Boston.     Kimn.     Hoberts.     $0  30 

Astronom.v.  Popular .     Simon  Xewcomb. 

Professor  U.  S.  Naval  Observatory.  New 
York.  8vo,  illus.  and  maps.  Harpers. 
$4  .50. 

Bridge-j,  Iron  Truss .     Methods  of  Calcti- 

latim»  Strains.  Comparisons  ol  Prominent 
Truss  Bridges  and  new  Formulas  for  Com- 
putations, rol.  \Vm.  E.  Merrill.  U.  S. 
Engineers.  .3d  ed  rev.  New  York.  4to. 
illus.     Van  Noslrand.     S5.00. 


Cement.  Sci°nce  and  Art  of  the  Manufacture 

of  Portland  .  with  Ob.servati  ii  on  some 

of  its  constructive  Applications.  Henry 
Reid.  New  ed.  London.  4to,  illus. 
Sp'iri.<!.     New  Yo-k.      $7.00. 

Ceiitenn  al  Exhibition.  Tlie  World's  Fair. 
A  critical  aci-ount.  t'rancis  A.  Walker, 
Chief  of  the  Bureau  of  Awards.  New  York. 
Rvo.      Ban,"!!  (f-  Co.     $0  75. 

OtHc,  al    Awards   an  '    Calms    of 

Exhibitors,  and  gem  ral  reports  ot  judges 
in  the  departments  of  Textile  Materials, 
Fabrics  and  Michinery.  Boston.  8vo. 
j\ali'.nril  Ax<n.   Wiml.  Maniificlurer^.     $3.50. 

Cerimic  .Art  of  Gr  at  Britain.  Being  a 
History  of  the  Ancient  and  Moilerti  lottery 
and  'onelaiii  Works  of  the  K'Ugilom.  and 
of  their  Pi-oduct'ons.  L.  Jewitt.  London. 
2  vols.  roy.  8vo.  i!lus.     Virtue,     h'is.  (M. 

Chem'stry.    Elements  of  .     Prof.  Sidney 

A.  Morton,  Ohio  Agricultixral  and  Mechan- 
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ical  College.  Ciuciunati.  12mo.  ilhis. 
Van  Antwerp,  Bragg  <£■  Co.     $1.10. 

Chimneys,     Boiler    aud    Factory   ,   tlieir 

Draught  Power  aud  Staiility  ;  and  on 
Lightning  Conductors.  Kobert  Wil.sou. 
Loudon.  Crown,  8vo.  Loclcwood,  Crosby  <£ 
Co.     3s.  6d. 

Coal,    A  Practical   Treatise   ou Mining. 

George  G.  Andre.  London.  '2  vols.  roy.  4to, 
illus.     Spons.     New  York.     $28.0U. 

Coloring  ;    A   Grammar   of  .     George  A. 

Field.  Loudon.  I'Jmo.  (Weales  Series.) 
Lockwood.     3.S. 

Contracts.     The    law    of   .       John    Wm. 

Smith.  Sixth  Am.,  from  the  Sixth  Loudon 
ed.  Vincent  T.  Thompson.  With  Notes 
aud  References  to  both  English  aud  Ameri- 
can ciises  by  "William  Henry  Kawle,  aud 
Additional  Notes  and  References  to  recent 
American  Decisinns,  by  Hon.  George 
Sharswood.  Philadelphia.  8vo.  Johnson. 
«5.5U. 

Design;  Principles  of  Decorative •.  Chris- 
topher Dresser.  Loudi'U.  Cruwn,  4to. 
illus..  plates.  Cassell,  Petler  <£•  Galpin. 
New  York.     $3.tO. 

Studies  in  —  for  Manufacturers,  Arch- 
itects, Builders,  Designers,  House  Decoi-a- 
tors,  iVjc.,  being  sixty  original  des  gus  in 
colors,  with  descriptive  letter  press  aud 
treatise  ou  princii^les  of  designing.  Chris- 
tojiher  Dresser.  L  >ndon.  Folio,  illus. 
Cassell,  t'elltr  d:  Galpin.   Aew  i'ork.    S25.II0. 

Dictionary  of  Manufactures,  Mining,  Ma- 
chinery and  Industrial  Arts.  Geo)  ge  Dodd. 
New  York.  Crown,  8vo.  Van  JSoslrand. 
fl.50. 

Dictionary  of  Technology— in  English,  Ger- 
man aud  French.  A.  Tolhauseu.  Leipzig. 
Taw.linilz.  (B.  Westermann,  Aew  York.) 
$3.70. 

Distillation.  Destructive .     A  Manual  of 

the  paraffiiie,  coal,  tai,  resin,  oil, petroleum 
and  kindred  industri'^H.  E.J.Mills.  Lou- 
don. Bvo.  {Van  Nostrand,  Netv  York.) 
$l.'i.5. 

Drawing,    Industrial     books.      No.     3. 

Elements  of  decorative  design  ;  No.  5. 
Oruauieutal  treatment  of  plant  fnrms  ;  No. 
7.  Piinciples  of  designing.  Mark  M  May- 
cock.  Buffalo.  Obi.  8vo.  J/.  Taylor. 
Each  part  $0.2.5. 

Engmeering,  Wanual  of  Civil—.  W.  J.  M. 
Rankine.  12th  ed.  revised  by  E.  F.  Bam- 
ber.    Loudon.     Post  8vo,  illuo.     Griffin. 

IGs. 

Engineers,  The  boy — :  What  they  did  aud 
how  they  did  it,  J.  Larkin.  London.  Sq. 
16mo.     Tiubncr.     7s.  6d. 

The  l)(iy— :     Wh:.t  they  did  and  how 

thev  did  it.  J.  Larkin.  New  York.  8vo, 
illus.     J'idiurm.     .|1.75. 

,    Architects    and    Contractors'  pocket 

book,  1878.    London.    12nio     L<.ckwood.  (is. 

Excavation  and  Einbimkmeut,  Formujpe  for 
the  laKulatlnu  of — and  for  tiuding  average 
haul.  J  Woi'dbridge  Davis.  New  York. 
8vo.     Gilliss  Urns.     $1.00. 

Form.  American — bonk,  with  forms  for  every 
State  and  Territi^ry.  J.  K  Sayler.  Ciuciu- 
nati.    8vo.     K.Clarke..     $2  00. 

Fonndatiiius.  Jules  Gaudard.  Trans,  by  L. 
F.  Vernon  Harconrt.  New  York.  Van  Aos- 
Irand's  Srifncf  .SenV.s-.  No.  34.     $0  .'iO. 

Gas.  Ciiuimon  Sense  f"r  gas  users  :  a  cate- 
chism of  (jas  lighting.  Robert  Wil  ou. 
Lniulou.  Crown  8vo,  illus.  Lockwood.  Cros- 
by (t  Co.     2s.  6d. 


,  Engineers'  and  Superintendents'  Al- 
manac for  1878.  New  York.  16mo,  tucks. 
American  Meter  Co.     $2.00. 

Manufacture.     A  practical  treatise  ou 

the  manufacture  and  distribution  of  Coal 
Gas.  William  Richards.  London.  Demy 
4to,  illus.  plates.    (S/ions.    Neiv  York.)    $12. 

Geology,  Elements  of— Jos.  Le  Conte.  New 
York.     8vo.  illus.     Appteton.     $4.00. 

Geometry,  Elements  of — G.  A.  Wentworth. 
Boston.    12mo.  illus.    Gmn  (t:  Heath.    $1.00. 

Graphic  Statics,  Elements  of — Karl  Van  Ott. 
Trans,  by  G.  S.  Clarke.  (Upons.  New 
York.)     $2. 

Heat,  A  practical  treatise  on— as  applied  to 
the  useful  arts,  for  use  of  Engineers,  Ar- 
chitects, &c.  Thos.  Box.  2d  ed.  8vo, 
illus.     (Spons.     Neiv  York.)     $5.00. 

The   handbook  of — .    Larduer.     New 

ed.  enl.  by  B.  Loewy.  London.  Post  8vo, 
illus.     Lockwood,  Crosby  if;  Co.     6s. 

Harvard  examination  papers.  New  ed.  with 
papers  for  1877.  Boston.  12mo,  Ginn  it- 
Heath.     $1.50. 

Hydraulic  Tables  for  finding  the  mean  ve- 
locity and  discharge  in  open  channels. 
Th"mas  llighimi.  Roy.  8vo.  [Spons.  Nem 
York)     $2.00. 

Hydraulics.  The  new  formula  for  mean  ve- 
locity of  discharge  of  I'ivers  and  canals. 
W  R.  Kutter.  Trans,  by  L.  D'A.  Jackson. 
London.     8vo.     (Spons.     New  York.)  $5.00. 

Landscape    Gardening,     Practical F.   R. 

Elliott.  Rochester.  8vo,  illus.  D.  M.  Dew- 
ey.    $3.00. 

Metals,  The  founding  of—.  Edward  Kirk.  3d 
ed.    New  York.     8vo.    D.  Williams.     $2.50. 

Military    Engineering,    Instractions  in 

Vol.  I,  Part  1,  Field  defences.  Compiled  at 
the  School  of  Military  Engineering.  Chat- 
ham. 2d  ed.  Post  %\o.  British  Government 
Publication.     3s.  6d. 

Blineral  Surveyor  and  Valuer's  complete 
guide.  W.  Lintern.  London.  12mo.  (Weale's 
Series.)    Lockwood,  Crosby  d- Co.    3s.  6d. 

Mineialogy.  Part  1,  Advanced  S'ience  Se- 
ries. J.  H.  Collins.  New  York.  12mo. 
Putnam.      $1  50. 

Mining  Machinery.  A  descriptive  treatise  on 
the  machinery,  tools  and  other  apidiances 
used  in  Mining.  George  G.  Andre,  in  12 
parts.  Loudon.  Roy.  4to,  illus.  (Spons. 
New  York.)     Each  part  $2.00. 

Miues.  Accidents  in — tlieir  causes  and  pre- 
vention. A.  Bagot.  London.  Post  Svo. 
C.  A'.  Paul  &  Co.     6s. 

Obelisks.  Cleoiiatra's  Needle,  with  notes  on 
Egypt  and  Egyptian — .  Erasmus  Wilson. 
London.     8vo.    Brain.    5s. 

Pa  utiug.     Neutral   tiut with  24   plates 

from  designs  by  R.  P.  Leitch.  The  Letter- 
press to  each  Plate  coutaius  Full  Instruc- 
tions to  the  Learner,  and  the  Plates  show 
tbe  iirogress  ot  the  work  'hrougli  its  differ- 
ent stages.  Oblong  4to.  Cassell,  Petter  t£ 
G  Ipin,  New  York.     $2  50. 

Sepia with    24  Plates  from  De- 

sit.'us  by  R.  P.  Leitch.  The  Letterpress  to 
each  coutiiins  Full  Instructions  to  the 
Learner,  anil  the  plates  slmw  the  progress 
of  the  work  through  its  different  stages. 
Oblong  4to.  Caisell,  Pelter  (£•  Galpin,  New 
Y'-rk.      $2..5n. 

Water   Color ,   By   R.  P.  Leitch. 

With  24  Colored  Plates,  and  Full  Instruc- 
tions to  the  Pupil  as  to  the  manner  o!  Mix- 
ing and  Applying  the  Colors.  2d  ed.  Cassell, 
J'elter  i£-  Galpin,  Ntw  York,     $2.50. 
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Patent  Office.  Account  of  tlie  Destruction  by 
Fire  of  the  North  and  West  Halls  of  the 
Jlddel  Room  in  the  United  States  Patent 
Office  Bnildiug,  Sept.  24,  1877.  Together 
with  a  History  of  the  Patent  Office  from 
1790  to  1877.  Boston.  8vo.,  illus.  A. 
Williams.     f0.50. 

Pattern  Maker's  Assistant.  With  tables. 
Joshua  Rose.  New  York.  Crown  8vo,  ilhis. 
Van  Nnstrand.     $2.50. 

Photographed  Spectra.  One  hundred  and 
thirty- six  Photographs  of  Metallic,  Gaseous 
and  other  Spectra,  printed  by  the  i3crma- 
nent  .-Vutotype  Process.  Withlutrodiu-tion, 
description  of  plates,  and  Index,  and  with 
an  extra  plate  of  the  Solar  Spectrum.  J. 
Rand   Capron.     Spons,   jN'ew  J'orfc.     $12.00. 

Photography.     A  Treatise  on  .     W.  de 

W.  Abuey.  New  York.  12mo,  illus.  ^-l^- 
plctnn.     $1.50. 

Physiography.  An  Introduction  to  the  Study 
of  Nature.  T.  H.  Huxley.  F.  E.  S.  New 
York.  12mo,  illus.  and  plates.  Applelon. 
$2.. 50. 

Screw  Cutting  Tables  for  Engineers  and 
Machinists.  Lord  Lindsay.  London.  4to. 
Spons.     2s. 

Screws.     Theory  of  .     A  Study  in  the 

Dynamics  of  a  Rigid  Body.  K.  S.  Ball.  Lon- 
don.    8vo.     Simpkiu,     10s.  6d. 

Slate  Quarrying.     A  Treatise  on 

Scientific,  Practical  and  Commercial.  D.  C. 
Davis.     London.     8vo.     LockwnoJ.     6s. 

Specifications  and  Contracts.     A  Mannal   of 

Engineering. .    Lewis  M. 

Haupt.  Pniladelphia.  Svo,  illus.  T.  M. 
Stodilart  d-  Co.     |3.00. 


Steam  Engine.  A  pract'eal  treatise  on 
the  .  Coiitainingplans  and  ar- 
rangements of  details  for  fixed  steam 
engines,  with  essays  on  the  principles  in- 
volved in  design  and  construction.  Arthur 
Rigg.  Demy  4to,  illus.  and  plates.  .Spons, 
Aeiu  Vork.     $17.00. 

.     Considered  as  a  Heat  Engine. 

A  treati.'se  on  the  theory  of  the  Steam  En- 
gine. Jas.  H.  CotteriU.  Svo,  illus.  Spons, 
New  I'ork.     $5.00. 

Tables.  Eugineers,  Contractors,  and  Sur- 
veyors' pocket  table  book,  loth  ed.  rev. 
J.  M.  Scrit-ner,  New  York.  iBmo.  Van 
Nostrand.     $1.50. 

.     Engineers  and  Mechanics'  Comijan- 

ion.  With  Weights,  Measures,  Roots,  Areas, 
Mechanical  Powers,  Steam  Engine,  &c. 
ISth  ed.  rev.  J.  M.  Scribner.  New  York. 
16mo.     Van  NosI rand.     $1.50. 

TeleiJhone.  Researches  in  Electric  Tele- 
phony, being  a  lecture  delivered  before  the 
Society  of  Telegraph  Engineers.  By  Prof. 
Alex.  Graham  Bell.  Profusely  illustrated. 
Svo,  paper.     Spons.  Xew  York.     $0.60. 

Virginia.     Physical  Survey  of  .     M.  F. 

Maury.  With  notes  and  additions.  Rich- 
mond, Va.  Svo,  map.  Randolph  <£•  English. 
$0.30. 

Water  Sui)ply  of  Cities  and  Towns.  Wil'iam 
Humber.  London.  Imp.  4to,  illus.,  plates. 
Lockwood.  Crosbi/  cC  Co.     .£0  6s. 

Workshop  Receipts.  For  the  use  of  Manufac- 
turers. Mechanics  and  Scientific  Amateurs. 
Ernest  Spon.  Crown  Svo,  illus.  Spons, 
A'eiv  York.     $2.00. 


ADDITIONS    TO 

LIBRARY     AND     M  U  S  E  U  M. 


From    Administration    des    Ponts    et 
Chaussees,  Paris. 
Annales  des  Ponts  et  Chaussees,  November, 

1877. 
Annales  des  Ponts  et  Chaussees,  December, 
1877. 

From  C.  F.  Allen.  Boston: 
Report  of  Board  of  Water  Commissioners  of 

Newton,  Mass.,  November  1,  1877.     Boston. 

From  Phinehas Barnes.  Plainfield.  N..I. : 

A  Treatise  on  the  Chemistry  of  Gold.  Silver, 

Quicksilver,  and  Lead.     Edward  Price.    San 

Francisco.  1860. 
Perpetual  Water  Indicator  and  Steam  Pressure 

Gauge.     William  C.  Grimes.     Philadelphia, 

1858. 
Report  of  the  State  Geologist  on  Metalliferous 

region   bordering  on  Lake   Superior.     St. 

Paul,  1866 
Report  on  the  Hudson  River  Railroad.     John 

B.  Jervis.     New  York,  1846. 
Report    on    Ko  )sac    Tunnel    and   Troy    and 

Greenfield  Railroad,   b\  the  Joint  Commit- 
tee, 1866.     Boston.  1867. 
Silver   Mining   Regions  of  Colorado.     J.  P. 

Whitney,  1865. 
The  Steam  Engine  as  it  was  an  1  as  it  is.    Hon. 

William  H.  Seward,  1853.     Providence. 
Glances  at  the  Victoria  Bridge  and  the  men 

who  Built  it.  Charles  Legge.  Montreal,1860. 


Specifications  of  Pumping  Engines  and  Boil- 
ers.    Chicago  Water  Works   1870. 
From  L.  F.  Beckwith,  New  Y'ork: 
The  Pictet  Artificial  Ice  Company.   New  Y^ork, 
1877. 

From     Gen.     S.    V.    Benet,     Chief    of 
Ordnance,  Washington: 
Annual   Report  of  Chief  of  Ordnance  U.  S. 
A.     June  30,  1877.     Washington. 

From  Robert  Briggs,  Philadelphia: 
On  the  relation  of  Moisture  in  .\ir  to  Health 
and  Comfort.     Philadelphia,  1877.     (Copies 
for  distribution.) 

From  the  Bureau  of  Education,  Wash- 
ington : 
Circulars    of   Inf  'rmation    of    the    Bureau. 

Nos.  I  and  2.     Washington.  1877. 
Contributio   s  to  the  History  of  Medical  Edu- 
cation   and    Jledical    Institutions    in    the 
United    States.      177C-1876.      Washington. 
1877. 

From  Howard  Fleming,  New  York: 
Narrow  Gauge  Railways  in  America.     Phila- 
delphia. 1876. 

From   T.     Higginbotham,    Esq.,    Mel- 
bourne, Australia  : 
Report  of    Observations   on   Railways   made- 
duriiig  a  tour  in  Europe  and  .\merica.    in 
1874-5.  T.  Higgiubothain.  Melbourne.  1876. 
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From  Gen.  A.  A.  Humphreyg,  Chief  of 
Engineers,  Washiiigtun  : 
Eeport  ot  Chief  of  Eiifjiiieers  on  Patent  Office 

Are.  Was^hington.  18 '7. 
Keport  of  Eu;-'iiieer»  upon  repavemeiit  of 
Pennsylvania  Avenue.  W:ish'iigtcin.  1877. 
Uiiiteil  SUtfS  Genlofjical  Exploration  of  the 
4' th  parallel.  Claieiice  Kin,'.  Desscriptive 
Geology  i>y  A.  Hague  ana  S.  F.  Euious. 
Washington.     1877. 

From  the  Institution  of  Civil  Engineers, 
London  : 
Prooeedings    at     Sixtieth    Annual     Meeting. 
December  18,  1877.     London. 

From  the  Institution  of  Civil  Engineers 
of  Ireland.  Dublin  : 
TransacHons    of    the    Institution.     Vol.    XL 
Dublin.     1877. 

From  Charles  Lagasse.     Nivelles.     Bel- 
gium : 
Notice  sur  les  dragues  a  mouvement  discon- 
tiuu  en  usage  aiix  Etats-Unis  d'Amerique. 
Cli.  Lagasse.     Hruxelles.     1877. 
Kolice  sur  I'explosiou  d'une  Chaudiere  rota- 
tive a,  la  Societe  des  Papateries  des  Nivelles. 
Bruxe  les.     1877. 
li'explosion  d'une  mine  a  Hell-Gate  aux  Etats. 
unis  d'Amerique.     Ch.  Lagasse.    Bruxelles, 
1877. 

From  the  Louisville  and  Nashville  Rail" 
mad  Company: 
Annual    Report    of    the     Company,    1876-7. 
Louisville.     1877. 

From   the  Minister  of   Public  Works, 
Mexico : 


Annals  of  the  Public  Works  of  the  Republic 

of  Mexico.     May  to  October,  1877.     Mexico. 

1877. 

From  E.  Pontzen,  Paris  : 
Die  Bedi^ntung  des  Kostock      Berliner  Scheff- 

faiirtskauals.      Morits    Wiggers.     Ro-tock. 

1877. 
XIll  und  XIV  Jahresbericht  des  Vereins  fiir 

Erdkuude  zu  Dresden.     1877. 

From  Messrs.  Shedd  &  Sawyer,  Boston  : 
Eeport  of  Water  (lomniissioners  of    Newton, 
Mass.,  Nov.  1,  1877.     Boston.     1877. 

From  S.  H.  Shreve.  Morristnwn,  N.  J.: 
Proceeiiiugs    of     Commis-iioners     of     Rapid 
Transit  in  tlie  City  of  New  York.      July  to 
December.  1875.     New  York.     1877. 

From  the  Smithsonian  Institute,  Wash- 
ington : 
Annual   Kcpoi't  of  Board  of   Regents  of    the 
SrnilUsouiau  Institute.     1876.    Washington. 
1H77. 
Trausiictions  of  the  Austrian  Society  of  Engi- 
neers and  Architects.     May  to  September, 
1877,  ini;l.    Vienna.     1877. 

From  R.  H.  Thurston,  Hoboken,  NT.  J.: 

On  a  new  type  ot  Steam  EujjmH,  theoretically 

capable   of   utilizing   the    lull     me.hanical 

equivalent  of  heat  Energy.  R.  H.  Thurston, 

Puiladelphia.     1877. 

From  Welton  and  Bonnet,  Waterbury. 
Conn. : 
Eleventh  Report  of  the  Water  Commissioners 
ol  the  City  of  Waterbury.     Hartford.     1877. 


ANNOUNCEMENTS. 


Members  of  the  Society  who  expect  to  visit 
Europe  during  the  present  year,  are  request- 
ed to  inform  the  Secretary  as  soon  as  possible 
of  tliat  fact,  and  also  of  the  time  when  they 
purpose  leaving  and  the  i^robable  length  of 
their  stay  abroad. 

The  Tenth  Annual  Convention  of  the  So- 
ciety will  be  held  in  Boston  about  the  middle 
of  the  month  of  June,  1878.  The  precise  date 
and  particulars  will  soon  be  announced. 

The  Journal  of  the  Austrian  Soci>»ty  of 
Engineers  and  Architects  for  December,  1877, 
publishes  a  review  by  Mr.  C  F.  von  Popp  of 
the  paper  by  Mr.  Clinton  B.  Se  irs,  on  the 
Principles  of  Tidal  Harbor  Improvement  as 
applied  at  Wilmington,  California,  (Transac- 
tions Vol  V,  No.  CXXXI,  page  388). 

In  the  publication  "  Excerpt  Minutes  of 
Proceedings  of  the  Institution  of  Civil  Engi- 
neers.Vol.  LI,  Session  1877-8,  Edited  by  James 
Forrest,  Secretary,  abstracts  of  the  following 
papers  published  in  the  Transactions  of  this 
Society  are  given: 


Proportions  of  Eye-Bar  Heads  and  Pins  as 
determined  by  Experiment,  by  C.  Shaler 
Smith.  (Transactions,  Vol.  VL  No.  CXLVII, 
page  263.) 

Wing  Dams  in  the  Mississippi  above  the 
Falls  of  St.  Anthony,  by  Edward  P.  North. 
(Transactions,   Vol.  VI,   No.    CXLVIII,   page 

268.) 

Title  Page  and  List  of  Contents  of  Volume 
VI  of  Transactions  and  Title  Page  and  Index 
of  Volume  III  of  Proceedings  are  issued  with 
this  number. 

The  following  resolution  was  adopted  at 
the  Ninth  Annual  Convention  of  the  Society, 
and  ordered  printed  regularly  in  the  Society 
publi('ations: 

Wheeas.  the  metric  system  of  weights  and 
ni'nisures  is  now  extensivulv  used  abroad  ; 
and  whereas,  it  is  desirable  thiit  the  n-latiou 
ot  the  unit-i  of  differing  systems  be  made 
familiar  to  all.  by  comparison  : 

Resolved,  that  members  be  requested, 
in  papers  hereafter  presented  to  the  Society, 
to  write,  in  parenthesis,  weights  or  dimen- 
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siona  by  the  metric  system  in  connection  with 
those  of  the  system  in  general  use. 

The  attention  op  Members  is  exphessly 
called  to  ihe  following  resolution,  passed  alter 
the  reading  of  the  paper  published  in  the 
present  number  of  Transactions:— 

Whereas,  It  has  appeared  in  the  discussion 
of  t  e  p;ipei'  on  cpnieiits,  contributed  by  \V. 
W.  Maclay.  that  dther  members  of  the  Society 
have  data  bearing  on  this  subject,  which  is 
valuable  and  inlerestiiig,  but  which  thev  may 
deem  hardly  extensive  enough  to  form  the 
subject  ot  separate  papei  s,  and  whereas,  there 
is,  doubtless,  a  large  amount  of  such  infor- 
mation in  the  possession  of  individual  mem- 
bers of  the  Society  ; 

Therefore  Resolved,  That  the  members  of 
the  Soc  ety  be  requested  to  communiciite  to 
the  Secretary  any  unpublished  information 
they  may  have  on  the  subject  of  cements 
wbich  they  are  willing  to  make  public,  the 
same  to  he  edited  by  the  Secretary  and  pub- 
lished by  him  in  a  single  paper. 

In  transmitting  letter  ballots  members 
of  the  Society  are  requested  to  conform  in  all 
respects  wiih  the  printed  regulations  issued 
with  the  ballots.  These  regulations  are  fre- 
quently not  complied  with.  Ballots  are  re- 
ceived without  the  signature  of  the  member 
on  the  outer  envelope,  with  initials  instead  of 
full  signature  or  with  other  irregtilarities. 
When  laid  before  the  Society  such  iiTegular 
ballots  have  been  thrown  out  and  members 
sending  them  have  lost  their  votes.  The  reg- 
ulations seem  to  be  as  simple  as  possible  to 
secure  a  fair  secret  ballot. 

Illustrations  of  Papers  presented  for 
publication  should  be  distinctly  drawn  in 
broad,  sharp  lines,  upon  while,  smooth  (not 
"egg"  or  enamelled)  paper,  with  perfectly 
(not  glossy,  or  gray)  black  ink,  to  a  scale  twice 
or  thrice  greater  than  the  print  is  to 'be: 
which  in  no  case  should  require  lolding  in 
more  than  one  direction  (i.  e...  the  depth  of 
plate,  as  inserted  in  Transactions,  should  not 
exceed  7  inches).  Shades  are  to  be  produced 
by  variations  in  size  and  spacing  of  black 
lines;  no  brush  work  or  colors  are  almissihle. 
Unless  figures  and  letters  can  be  well  put  in, 
simply  pencil  them,  leaving  the  engraver  to 
insert  them  on  the  plate.  Always  put  a  lineal 
scale  upon  each  drawing. 


MKMiiF.RS  or  THE  SOCIETY  are  requested  to 
contribute  papers  ou  Engineering  subjects, 
giving  results  of  practice,  or  discussing  perti- 
nent theoretical  questions  ;  their  comments 
upon  papers  published  in  Transactions  are 
solicited,  and  tliey  are  tirged  to  contribute 
from  uote-bookrf  and  other  records  whatever 
may  bear  upon  the  subjects  considered,  or 
upon  other  practical  topics.  A  list  of  subjects 
relating  to  (he  practice  of  engineering  and  its 
connection  with  kindred  art  and  public  affairs, 
on  which  japers  are  desired,  may  be  fotind  on 
page  51,  vol.  1. 

Donations  to  the  Library, —Members  and 
others  are  asked  to  contribute  regularly  to  the 
library  of  the  Society,  copies  of  government, 
municipal,  railway,  canal  and  other  reports, 
specifications,  profiles,  maps,  photographs 
and  like  matter,  making  up  the  record  of  en- 
gineering operations  for  the  past  or  present, 
and  to  inform  the  Secretary  where  such  may 
be  had.  Duplicate  copies  are  desi  ed,  for 
transmission  to  foreign  societies  in  return  for 
■works  c  )1  ected  :  nd  sent  to  this  library  by 
them  ;  al  o  for  exchange  with  members  and 
others  who  wish  complete  sets  referri  g  to 
jiarticular  subjects.  Donations  of  old  or  new 
reports  or  pamphlets  which  refer  to  or  illus- 
trate Eng  neering  constructions  or  operations 
are  particularly  solicited.  Many  of  these  may 
be  really  of  great  impoitance  as  a  part  of  the 
Library,  and  as  possibly  containing  informa- 
tion which  might  not  otherwise  be  preserved. 

The  House  of  the  Society  is  at  104  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram- 
ercy  Park.  It  is  open  from  nine  o'clock. 
a.  m.  to  five  o'clock  p.  M.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  p.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  present  be  open  every  Thursday 
evening,  from  7i  to  10  P.  M.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals  and  for 
conversation. 


LIST      OV      ME  M  15  E  R  S . 


Allen,  C.  Frank.  . 


ADDITIONS. 
MEMBERS. 


Date  of  Election. 
.  .\ssistant    Engineer     Newton     Water 

Works,  66  Vernon  St.,  Boston,  Mass.  Feb.  6th,  1878. 
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Date  of  Election. 
Gilbert,  C.  P Civil  Assistant  Engineer,  United  States 

Engineer  Office,  85  Washington  Av., 

Detroit,  Mich Feb.  6th,   1878. 

Maksland,  Edward Marine  Engnieer,  Sing   Sing,  N.  Y...      "      "       " 

JUNIOR. 

Clark,  Ira  E City    Engineers'    Office,    Cambridge, 

Mass "      "        " 


CHANGES    AND   CORRECTIONS. 
MEMBERS. 


Clarke,  Frederick  W Civil  Engineer,  Room  24,   80  Dearborn  St.,  Chicago, 

111. 

Cooper,  Theodore Care  Keystone  Bridge  Co.,  Pittsburg,  Pa. 

Darrach,  Charles  G 100  North  39th  St.,  Philadelphia,  Pa. 

Davis,  Chas.  E.  L.  B Captain  of  Engineers  U.    S.    A.,   P.  O.    Drawer  432, 

New  Orleans,  La. 

Falconnet,  E.   F Engineer  N.  &  T.  R.  R.  Co.,  Lebanon,  Tenn. 

F'arquhar,  F.  U Maj.  of  Engineers  U.  S.  A.,  Rock  Island,  111. 

Golay,  Philip 307  Court  St.,  Cincinnati,  Ohio. 

Latrobe,  Charles  H 146  North  Charles  St.,  Baltimore,  Md. 

McClintock,  W.  H Asst.  Eng.  Louisville  Water  Co.,  Fair  Grounds,  Jef- 
ferson Co.,  Ky. 

Nichols,  O.  F Maderia  &  Mamore  Railway,  care  of  P.  &  T.   Collins, 

207  Walnut  Place,  Philadelphia,  Pa. 

Parkhurst,  H.  W Division  Engineer,  R.  C.  St.  L.  &  C.  R.  R.,  Glasgow, 

Howard  Co.,  Mo. 

Read,  Robert  L Civil  Engineer,  57  West  Third  St.,  Cincinnati,  Ohio. 

Searles,  William  H Civil  Engineer,  Rochester,  N.  Y. 

Sedgwick,  Thomas  S Superintendent  of  Construction  U.  S.  Court  House  and 

Post  Office,  Austin,  Texas. 

Smith,  C.   Shaler 215  Washington  Ave.,  St.  Louis,  Mo. 

Striedinger,  Julius  H 17  University  Place,  New  York. 

Wurtele,  Arthur  S.  C 115  West  Eagle  St.,  Buffalo,  N.  Y. 

juniors. 

Horton,  Sanford Covington,  Nebraska. 

Knight,  William  B Care  of  Panama  R.  R.  Co.,  7  Nassau  St.,  New  York. 

Lucas,  D.  Jones Lock  Box  133,  Warren,  Pa. 


deceased. 
Tracy,  John  F.. Fellow I'ebruary  13th,  i{ 


Inunican  %o(itb  ot  |^iiit  f njincern. 


PRocEP:]DiNas. 


Vol.    IV,    February,    1878. 


MINUTES    OF    MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

Makch  6th,  1878. — The  Society  met  at  8  p.  m.,  Yice-President  Eoberts 
in  the  chair. 

The  ballot  upon  the  following  amendment  to  the  By-Laws  was  can- 
vassed : — 

Section  23;  Sub-Section  5th.— Strike  out  the  explanatory  clause  in  brackets,  from  the 
■words  "[The  term"    —    —    to  "  Associate  is  not]." 

The  Sub-Section  will  then  read  : — 

5th. — A  Junior  shall  be  one  who  has  had  actual  practice  in  some  of  the  branches  of  civil, 
military,  ruining  or  mechanical  engineering,  for  not  less  than  two  years;  or  if  a  graduate  of  a 
scientific  or  collegiate  institution — for  not  less  than  one  year. 

Ui^on  this  there  were  :  For  the  amendment,  75  votes,  against  the 
amendment,  7  vote-s.     This  amendment  was  thereupon  declared  adopted. 

A  paper  by  Edward  S.  Philbrick,  entitled  "The  Improvement  of  the 
South  Boston  Flats  by  the  Harbor  Commissioners  of  the  State  of  Mas- 
sachusetts," was  read  by  the  Secretary!  • 

M.\iiCH  20th,  1878.— The  Society  met  at  8  p.  m.,  Vice-President  Fink 
in  the  chair.  A  paper  by  R.  H.  Thurston,  entitled,  "  On  a  New  Method 
of  detecting  overstrain  in  iron  and  other  materials,  and  on  its  application 
in  the  investigation  of  the  causes  of  accidents  to  bridges  and  other  con- 
stnietions,"  was  read  by  the  author,  and  discussed  by  him  and  Messrs. 
Collingwood,  Emery,  Haswell,  HoUey,  Macdonald  and  Worthen. 


OF  THE  BOARD  OF  DIRECTION. 

March  6th,   1878. — Applications  for  membership  w-ere  considered. 
Financial  and  other  business  transacted. 


Ifi 

LIST  OF  NEW  BOOKS  ON 

ENGINEERING    AND    TECHNOLOGY. 


Unrter  tbis  bead  will  be  announced  new  books  on  these  and  kindred  subjects,  which  may 
be  professionally  useful  to  members  of  the  Society. 


Aid  Book  to  Engineering  Enterprises  abroad. 
Ewing  Mathewson.  8vo.  Spans.  New. 
York.     $4.25. 

Alphabets.     Tompson's  Roman  ,  with 

scales  and  proportions.  Also  specimens  of 
ornamental,  distorted  and  perspective  let- 
ters. New  York.  12mo,  illus.  /".  W.  Devoe 
*  Co.     $«.75 

Architecture,  Scottish  TVoodwork  of  the  Six- 
teenth and  Seventeenth  centuries.  J.  W. 
Small.  Edinburgh.  Folio,  illus.  D.  Doug- 
las.   84s. 

Home     Interiors.       E.    C.   Gardner. 

Boston.     Hcuglitim,  Osgood  <£■  Co.     $1.50. 

Armies,  The of  Asia  and  Europe,  em- 
bracing official  reports  on  the  armies  of 
Japan.  China,  India,  Persia,  Italy,  Russia, 
Austria,  Germany,  France  and  England. 
Accompanied  by  letters  descriptive  of  a 
iourney  from  Japan  to  the  Caucasus.  Gen. 
Emery  Upton,  U.  S.  A.  New  York.  Svo. 
Appleton.     $3.00. 

Belting,  a  Treatise  on   the  use  of for  the 

transmission  of  Power.  John  H.  Cooper. 
Philadelphia.  Svo,  illus.  Claxton,  Remsen 
<t  Haejelfinger.     $3.50. 

Blasting,  Rock ;  a  practical   Treatise   on 

the  means  employed  in  Blasting  Rock 
for  industrial  purposes.  Geo.  G.  Andre. 
London.  Svo,  illus.  Plates.  Sports.  JVeio 
York.     $4.25 

Bridpe,  Kansas   City ,  with  an   account 

of  the  regimen  of  the  Missouri  river,  and  a 
description  of  Methods  used  in  founding 
in  that  river.  O.  Chanute  and  Geo.  S. 
Morison.  New  York.  4to,  illus.  Plates. 
Van  NostraiHl.     $6.00. 

Capital,  Conflicts  of and  Labor.  Includ- 
ing chapters  on  tlie  bi^tory  of  Guilds, 
Trades  Unions,  Apprentices,  Technical  Ed- 
ucation, Intimidation  and  Picketing,  Re- 
straints on  Trade,  Strikes — their  Objects, 
Aims,  and  Kesults,  Trade  Councils,  Arbi- 
tration. Co-operation,  Friendly  Societies, 
the  Labor  Laws,  &c.  George  Howell.  Lon- 
don.    Crown  Svo.     Chatto  <£•  Windiis    7s  6d. 

Chemi.stry,  a  Treatise  ou .     H.  E.  Roscoe 

and  C.  Schorlemmer,  Professors  of  Chem- 
istry in  Owens  College,  Manchester,  Eng- 
land. Volume  I.  The  New  Metallic  Ple- 
ments.  New  York.  Svo,  illus.  Appleton. 
$5.00. 

The  Chemist's  Manual.      A  practical 

Treatise  on  Chemistry,  including  Qualita- 
tive and  Quantitative  Analysis.  Sloichio- 
metry.  Blow-pipe  Analysis,  Mineralogy, 
Assaying,  Toxicology,  .fcc,  kc.  Henry  A. 
Mott,  Jr.  New  York.  Svo.  Van  N^  stiand. 
$6.00. 

Naquefs  Legal .     A   Guide  to  the 

Detection  of  Poisons,  Falsification  of  Writ- 
ings, Adulteration  of  Alimentary  and  Phar- 
maceutical Substances,  Analysis  of  Ashes, 
and  Examination  of  Hair,  (Joins,  Arms,  and 
Stains,  as  apjilied  to  Chemical  Jurispru- 
dence, for  the  use  of  Chemists.  Physicians, 
Lawyers,  Phiirmacists,  and  Experts.  Trans- 
lated from  the  French  by  J.  P.  Battersball. 
New  York.     12mo.     Ian   Nostrand.     $2.00. 


Qualitative    Chemical    Analysis.        A 

Guide  to  the  Practical  Study  of  Chemistry, 
and  in  the  work  of  Analysis.  S.  H.  Douglas 
and  A.  B.  Prescott.  Second  edition,  rev. 
New  York.    Svo.    Van  JS'ostra7id.     $3.50. 

Dictionary,  Brande's of  Science,  Litera- 
ture and  Art.  Re-edited  by  the  Rev.  Sir 
G.  W.  Cox.  Rev.  ed.  London.  3  vols. 
Svo.     Longmans.     63s. 

Engineering,    Notes    ou   Construction. 

Embracing  Discussions  of  the  Principles 
involved,  and  Descriptions  of  the  Material 
employed.  J.  E.  Shields,  C.  E.  New  York. 
12nio.      Van  Nostrand.     $1.50. 

Iron  and   Steel,  Strength  and  Calculation  of 

Dimensions  of Constructions  with 

reference  to  the  latest  Experiments.  J.  J. 
Weyrauch.  >ewY'ork.  12mo.  Plates.  Van 
No.^fra.nd.     $1  00. 

Manufactures,    The  of   Cincinnati,   and 

their  relation  to  the  future  progress  of  the 
city.  S.  D.  Maxwell,  Ciuciuuati.  Svo.  R. 
Clarke.     $0.25. 

Manuies,  Artificial  Manures  :  How  to  make, 
buy,  value  and  use.  A.  Sibsou.  Loudon. 
Svo.     Rulyivay.     2s.  6d. 

Mathematics,  American  journal  of pure 

and  applied.  Fd.  by  I.  I.  Sylvester,  W.  E. 
Story,  B.  Peirce,  S.  Newcomb,  and  H.  A. 
Rowland.  Published  under  the  auspices  of 
the  Johns  Hopkins  University.  V.  I,  Pt.  I, 
4to,  pp.  104.  Baltimore.  B.  fVesiej-man  <& 
Co.  New  York.     Per  vol.,  $5  00. 

Matter  and  Motion,  J.  Clerk  Maxwell.  New 
York.  16mo.  illus.  Van  Nostrand' .s  Science 
Series.     $0.50. 

Mechanic,  The  Amateur  Mechanic's  Prac- 
tical Hand-book.  Describing  the  different 
tools  required  in  the  workshop,  the  uses 
of  them  and  how  to  use  them  ;  also  exam- 
ples of  dttferent  kinds  of  work,  etc.,  with 
full  descriptions  and  drawings.  Arthur  H. 
G.  Hobson.  Pniladel)bia.  Ifimo,  cloth, 
illus.  Claxton,  Remsm  (t-Hneft'el finger.  $1.25. 

Mechanical  Powers,  Hughes's  Easy  Lessons' 

on  the ■.     With   Copious   Exercises   by 

one  of  Her  Majesty's  Inspectors  of  Schools. 
London.     12mo.     Stewart.     Is. 

Ordnance,   Woolwich  System  of   Rifled  . 

A  contribution  to  the  history  of  its  inven- 
tion. By  its  Inventor.  Lon.on.  Svo.  Hodg- 
son,   Is. 

Parks,  Our  parks  to  be  or  not  to  be  :  papers 
read  before  the  New  York  Academy  cf 
Sciences.  April  30,  1S77.  and  February  1, 
1878.  by  a  pby.«ician.  New  I'ork.  12m(i. 
Brenlano.     $0.15. 

Central   Park   Reports.     13  vols,   half 

calf,  extra.  New  York.  H.  K.  Van  Siclen. 
$75.00. 

Price  Book.  The  Builder's  and  Contrac- 
tor's  for    1878.      (Lockwood   &    Co.'s) 

Revised  by  Francis  T.  W.  Miller,  Architect 
and  Surveyor.  With  Latest  Prices  up  to 
present  date,  12mo,  half-bound,  4s.;  limp 
cloth,  3s.  (id. 

Printing.  The  invention  of  :  a  col- 
lection of  facts  and  opinions  des-criptive  of 
early  prints  and  playing  cards  :  the  black- 
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books  of  tlie  fifteenth  century  ;  the  legend 
i>f  Loureiia  Jauszoou  Coster  of  Harlem, 
ami  the  work  of  Jolm  Guttenberg  auol  his 
associates.  lUns.,  with  facsimiles  of  early 
types  and  wood-cuts,  2d  ed..  8vo,  pp.  5o6. 
Tlieo.  L.  De  Viiine  New  York.  Francis 
Hart  (£•  Co.     f  0.00. 

Railways,  Kemunerative for  new  conn- 
tries  ;  wi'h  some  account  of  the  first  rail- 
way in  China.  Richard  C.  Rapier.  Lon- 
<lou.  Cr.  4to,  illus.  and  photos.  Spans,  New 
York.     $6.00. 

Sanitary  Science,     The   future   of .     B. 

W.  Richardson.  Loudon.  8vo.  Macmillan. 
Is. 

Sewer  Gas  and  how  to  keep  it  out  of 

houses  :  A  hand  book  on  House  drainage. 
3ded.,  12mo.  O.  Reynolds,  London.  Fan 
Nosli-nnd.  New   }'o)/,-."    $0.00. 

Health   and  Healthy  Homes  :  how  to 

secure  heiilthy  and  comfortable  homes. 
London.  8vo.  Sanitary  Engineering  Co. 
6d. 

Science  Conferences,  held  in  connection  with 
the  Special  Loan  Collection  of  Scientific  Ap- 
paratus, at  the  South  Kensington  Museum, 
on  Chemi-stry.  Biology,  Physical  Geogra- 
phy, Geology,  Mineralogy  and  Meteorology. 
By  the  most  eminent  English  and  Foreign 


Scientists,  12mo,  cloth.  New  York.  Scril- 
ner,  We.lfnrd  it  Arm.<:trnri(j.     $2  2,5. 

Science  Primers  :  Chemistry.  H.  E.  Roscoe  ; 
Physics,  Balfour  Stewart  ;  Physical  Geogra- 
pliy,  A.  Geikie  ;  Geology,  A.  Geikie  ;  Physi- 
ology. M.  Foster  ;  .\stronomy,  J.  N.  Lock- 
yer  ;  Botany,  J.  P.  Ho  iker  ;  Lcgic,  W.  S. 
Jevons  ;  Iiiventioual  Geometry.  W.G.Spen- 
cer ;  Pianoforte,  Franklin  Taylor.  New 
York.     18mo.     Appletons.     Each.  $0.4.5. 

Star. finder,  or  Planisphere  with  movable  ho- 
rizon :  arranged  by  G.  W.  Plympton.  New 
York.  In  colors,  ou  card-board.  Van  Nos- 
trand.     $1.00. 

Steam  Jacket,  The  abuse  of  the practi- 
cally considered.  W.  Fletcher.  London. 
Crown  8vo.     S/mns.  sXew  Ynrk.     §1.25. 

Telephone,  All  about  the  —  and  Phonograph. 
Containing  descriptions  of  Bell's  and  Dol- 
bear's  Telephones  and  Edison's  Phono- 
graph ;  History  of  ihe  Discovery,  Details  of 
Construction,  and  interesting  experiments. 
London.     12mo.     Ward  <£•  Lock.     Is. 

The  :  Its  History,  Construction,  Prin- 
ciples, and  Uses,  with  defii  ite  Instructiona 
ou  the  Making  of  Telei  hones,  by  which 
Failure  is  impossible,  and  to  which  is 
added  a  chapter  ou  the  Phonograph.  S. 
Garner.   London.    12mo.    Simpkin.    Is. 


ADDITIONS    TO 


LIBRARY     AND     M  U  S  E  U  M. 


Frora'the  Association  of  Civil  Engineers 
of  Portugal  : 
Review  of  Public  Works  and  Mine.s,  October, 
1877.    Lisbon. 

From  S.  Thayer  Abert.  Washington  : 
Report  upon  improvement  nf  Rivers  and  Har- 
bors in  District  of  Columbia,  Virginia  and 
North  Carolina.     Washington.    1877. 

From     .Administration     des    Ponts    et 
Chaussees.  Paris: 
Annates  des  Ponts  et  Chassees,  January,  1878. 
From  John  W.  Bacon,  Danbury,  Conn.: 
Twenty-fitth  Annua;i  Report  of  the  Hailroad 
Commissioners  of  Connecticut.     Hartford. 
1878. 
Filth  Annual  Report  of  the  Railroad  and  Ware- 
house Commission  of  Illinois.     Springfield. 
1875. 
Sixth   Annual   Report   of    the    Railroad  and 
Warehouse  Commission  of  Illinois.  Spring- 
field.   1876.' 
Third  Annual  Report  of  the  Commissioner  of 

Railroads  of  Michigan.     Lansing.  1874. 
Fifth  Annual  Report  of  the  Commissioner  of 

Railroads  of  Michigan.     Tjausing.    1876. 
Third  Annual  Rei>ort  of  the   Railroad  Com- 
missioners of  Wisconsin.     Madison.     1870. 
From  Gen.  J.  G.  Barnard,  New  York: 
Investigation  of  Accidents  on  Railroads.    J. 

G.  Barnard.     Washington.     1877. 
Report  by   Capt.    M.  R.   Brown,  relating  to 
work    at    South    Pass,    Mississippi    River. 
Jan.  29th,  1878.     Washington.     1878. 


From  Board  of  Health  of  City  of  Brook- 
lyn: 
Report  of  the  Board,  1875-6.     Brooklyn.  1877. 
From  Board  of  Railroad  Commissions 
of  Massachusetts: 
Ninth  Annual  Rejiort  of  the  Board.     Boston. 
1878. 

From  G.  Bouscaren,  Cincinnati: 
Report  on  progress  and  construction  of  the 
Cincinnati  Southern   Railway.     December 
Ist,  1877.     Cincinnati.     1878. 

From  Capt.  M.  R.  Brown,  New  Orleans: 
Eighth    Report   upon   improvement    of     th  > 
South  Pass,   Mississippi  River.     December 
loth,  1877.     Washington.     1878. 

From  E.  S.  Chesbrongh,  Chicago: 
Report  of    Commissioners    for    Testing    the 
West  Side  Pumping   Engines.     April  25th, 
1877.     Chicago.     1877. 

From  the  Department  of  the  Inferior  ; 
Contributions  to  the  history  of  ;\Iedical  Edu- 
cation   and     Medical    Institutions    in    the 
United  States.    Special  report.    N.S.  Davis. 
Washington.     1«77. 

From  the  Engineers  Club  of   Philadel- 
phia : 
Description   of  the    Wilcox    Spouting    Well. 
Charles  A.  Ashburner.    Philadelphia.    1877. 
Oil  Well  Records,  selected  from  collections  of 
J.  F.  Caul.     Survey  of  Oil  District  of  Penn- 
sylvania.       .J.    P.    Leslev.       Philadelphia. 
1877. 
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Silurian  Plants.  Leo  Lesquereux.  Philadel- 
phia.    1877. 

From  Walton  W.  Erans,  New  York  : 
American   Engines  and  Faiiiie  EnRines  com- 
pared.   Walton  W.  Evans.    New  York.  1877. 
From  the  Franklin  Institute,  Philadel- 
phia : 
Journal  for  Jlarcb,  1878. 

From  Chirles  H.  Haswell,  New  York  ; 
Piece  of  White  Marble  perforated  by  the  Bor- 
ing Sponge  while  sunk  in  the  Brig  Grecian 
on  the  Long  Island  Coast.     1870. 

From  Geo.  Howlaud,  Jr.,  New  Bedford, 
Mass  : 
Eighth  Annual  Report  of  the  Acushnet  Water 
Board.     New  Bedford.     December.     1877. 

From  Gen.  A.  A.  Humphreys,  Washing- 
ton: 

Map  of  the  Battle-field  of  Gettysburg,  in  three 
parts. 

Report  of  the  Chief  of  Engineers,  D.  S.  A. 
Parts  1  and  2  for  1877.  A.  A.  Humphreys. 
Washington. 

Physics  and  Hydraulics  of  the  Mississippi  ; 
reply  to  criticisms  ma<le  hy  Dr.  hagen. 
Director  General  of  Puolic  Works  of  Prus- 
sia.    A.  A.  Humphreys. 

Report  of  the  Commissioners  to  examine  the 
Moliue  Water  Power      1877. 

Report  of  Capt.  M.  R.  Browa  relating  to 
South  Pass,  Mississippi  River.     1878. 

Beport  of  Major  G.  Weitzel  on  tlie  Louisville 
and  Portland  Canal,  for  the  year  1877. 

Informati<m  relating  to  improvement  of  the 
Providence  River  and  Narragauset  Bay. 
Rhode  Island.     January  3l8t,  1878. 

From  William  R.  Hutton.  Baltimore  : 

Photolithographs  and  specifications  of  Move- 
able Dam,  designed  for  Kanawha  River 
Improvement. 

From  the  Institution  of  Civil  Engineers, 
London: 
Abstracts  of  P.ipers  in  Foreign  Transactions 

and  Periodicals. 
Desci-iption  of  Coffer  dams  used  at  Dublin, 
Birkenhead  and  Hull.  Wm.  James  Doherty. 
London.     1877 

From   the   Institution    of     Mechanical 
Engineers,  London: 
Proceedings    of    the    Institute.      November. 
1877. 


From  the  Iron  and  Steel  Institute,  Lon- 
don : 
Journal  of  the  Institute.     1877. 

From  G.  Leverich,  Brooklyn: 
Municipal    Reports    of    San    Francisco     for 
1870-7. 

From  Mansfield  Merriman.  New  Haven : 

A  list  of  writings  relating  to  the  method  of 

least  squares,    with   histnrical   and  critical 

notes.     Mansfield  Merriman.     New  Haven. 

1878. 

From  the  North  of   England    Institute 
of  Mining  and  Mechanical  Engineers, 
Newcastle  upon-Tjue: 
Transactions     of     the     Institute,    vol.    xxvi, 
187(5-7.     Transactions  of  the  Institute,  Sep- 
tember and  October.  1H77. 

From  William  H.  Paine.  New  York: 
Specifications  for  Cast  Iron  Wire  Rope  Sock- 
ets  for  the   suspenders   of  the  East  River 
Bridge,  1877. 

Specifications   for    Granite   Face,  Arch,    and 

other  st(me   tor  approaches  for  East  River 

Bri'lge,  1877. 
Spec  flcatious  for  Steel  Cable  Wire  for  East 

River  Bridge,  1877. 
Specifications  for  Wrought  Iron  Cable  Bands 

and   Bolts   for  Suspenders    of   East   River 

Bridge,  1877. 

From  E.  S.  Phllbrick,  Boston: 
Annual  Report  of  Board  of  Harbor  Commis- 
sioners.    Boston.     1877. 

From  Ernest  Pontzeu.  Paris,  France: 
Thirteen  Lithographed  Working  Drawings  of 

Structures   at    Vienna  Exhibition.      R.   v. 

Waldheim.     Vienna. 

FmmE  Prince,  Qiiincy,  111.: 
Revised  List  of  Water   Works  in  the  United 

States  and   Canada,   so   far  as  known.     E. 

Prince.     1877. 

From  William Rotch,  Fall  River,  Mass.: 
Report  of    the  Watuppa  Water    Board.    Fall 
River  Water  Works.     January  1st,  1878. 

From  the  Royal  United  Service  Institu- 
tion. London: 
Journal  of  the  Institution.     No.  xciii.     1877. 

From  Franz  Rziha,  Vienna: 
Lisenbalin     Uuter-und-Oberbau.      2d     Part. 
Franz  Rziha.     Vienna.     1877. 


ANNOUNCEMENTS. 


The  Tenth  Annual  Convention  of  the 
Society  will  be  held  at  Boston,  beginning 
Tuesday,  June  18th,  1878. 

Sessions  for  the  consideration  of  profes- 
sional subjects,  and  one  tor  the  transaction 
of  business  will  be  held. 

When  determined  by  the  Local  Committee, 
the  arrangements  in  detail  will  be  announced. 

The  following  is  a  list  ol  topics  to  be  consid- 
ered with  reference  to  papers   published  in 
Transactions  during  the  preceding  year. 
Bridges. 

CXL.  Approximate  determination  of  stresses 
in  the  Eye-Bar  Head.    Wilt.i.\m  H.  Buhr. 

CXLIV   and   CXLIX.      Relative    quantities 
of     material     in     bridges     of     different 


kinds,   of  various  heights.     Charles   E. 

E.MERY. 

CXLVII.  Proportion  of  Eye-Bar  Heads  and 
Pius  as  determined  by  experiment.  C. 
Shaler  Smith. 
Boilers. 
CXLI.  Connected-Arc  Marine  Boilers,  a  de- 
monstration of  the  principles  of  their 
construction.     Charles  E.  E.mery. 

Discussions  on  above  paper.  J.  Foster 

Flagg.    Vol.  VI.,  page  294. 
Cements. 
CLII.  Notes   and   Experiments   on  the  use 
and  testing  of  Portland  Cement.  William 
W.  Maclay. 
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Dams. 

CXLVIII.  Wing   Dams   iu   the   Mississipxji 
above  the  Falls  of  St.  .\nthouy.    Edward 
P.  North. 
Htduadi.ics. 

CXXXIX.  The  Consumption  and  Waste  of 
Water  delivered  by  Public  Works.  Jamkb 
H.  Haulow. 

CXLV.  The  flow  of  water  in  open  channels. 
Theodoke  G.  Ellis. 

CLIV.  A  peculiar  case  of  failure  iu  a  water 
main.    D.  McN.  Stauffer. 

Discussion  on  above  jiaper.      Vol.  VII, 

page  15. 
Masonry. 

C'LI.  Nomenclature  of  Building  stones  and 
stone  Masonry.     J.  James  R.  Croes,  Wil- 
liam E.  Merrill  and  Edgar    B.    Van 
Winkle. 
Mines  and  Blasting. 

CXUI.  On  the  simultaneous  ignition  of 
thousands  of  mines  and  the  most  advan- 
tageous grouping  of  fuses.  Jdlius  H. 
Striedinger. 

CLIII.    On    igniting    Ijlasts  by    means    of 
electricity.     Julius  H.  Steikdinger. 
Preservation  of  Timber. 

Discussion  on  this  subject.       Vol.  VI, 

page  189. 
KivERS  AND  Harbors. 

CXLIII.  Improvement  of  Entrance  to  Gal- 
veston Harbor.     Charles  W.  Howf.ll. 

CLV.  The  Improvement  of  the  South  Bos- 
ton Flats.     Edwakd  S.  Philbrick. 

Discussion  on  Levees  as  a    system  for 

reclaiming  low  lauds.     J.  Foster  Flagg. 
Vol.  VI,  page  3u5. 
Surveys. 

CXXXVIII.  Co-ordinate  Surveying.  Henry 
F.  Walling. 

CXLVI.  A  novel  railroad  survey.  Thomas 
S.  Hardee. 

CL.  Description  of  survey  for  determining 
the  slope  of  water  surface  iu  the  Erie 
Canal.     William  H.  Searles. 

In  addition  to  the  above  papers,  it  is  ex- 
pected that  the  following  subjects  will  be 
presented  by  papers  printed  previous  to  the 
date  of  the  Convention,  or  read  at  its  meet- 
ing. 

Dams  across  Water  Courses.  William  J. 
McAlpine. 

A  new  method  of  detecting  overstrain  in 
iron  and  other  metals,  and  its  applioatiou 
iu  the  investigation  of  the  causes  of  acci- 
dents to  bridges  and  other  constructions. 
Robert  H.  Thurston. 

The  law  of  Tidal  Currents.  J.  H.  Stried- 
inger. 


The  South  Pass  Jetties  ;  descriptive  and 
incidental  notes  and  mi;uiorauda.  E.  L. 
Couthell. 
Construction  and  operation  of  the  Incline 
Plane  Railroad  at  Madison,  Ind.  M.  J. 
Becker. 
Reminiscences  and  experiences  of  early  en- 
gineering operations  on  railroads,  with 
especial  reference  to  steep  inclines. 

No.  1,  W.  MiLNOR  Roberts. 
No.  2,  William  J.  McAlpine. 
Resistances  on  Railway  Curves.     S.  Whin- 

ery. 
Steam  engine   economy.     A   uniform  basis 

for  comparison.     Charles  E.  Emery. 
Agricultural  Drainage.      Ed.  N.  Kirk  Tal- 

cott. 
A  graphic  method  of  representing  railroad 

accounts.  Charles  Latimer. 
Science,  old  and  new.  W.  Milnor  Roberts. 
Members  of  the  Society  are  earnestly  re- 
quested to  furnish  information  or  memoranda 
upon  any  of  the  subjects  referred  to.  They 
are  also  invited  and  expected  to  take  part  iu 
the  discussions  either  in  person  or  by  send- 
ing to  tlie  Secretary  notes  for  presentation. 

In  either  case,  it  will  assist  the  Committee 
in  arrauKing  the  details  for  sessions  of  the 
Convention,  if  members  expecting  to  take 
part  in  the  discussions,  will  notify  the  Secre- 
tary at  once  to  ihat  effect. 

The  Annual  Meeting  of  the  American  In- 
stitute of  Mining  Engineers  will  be  held  at 
Chattanooga,  Tennessee,  beginning  Wednes- 
day, May  22d,  1878. 

Members  who  desire  to  secure  complete 
sets  of  the  Transactions  of  the  Society  are 
requested  to  send  to  the  Secretary  a  list  of 
the  ijapers  which  are  needed  to  fill  up  their 
sets.  Some  of  the  earlier  papers  are  out  of 
l^riut.  If  orders  are  received  for  a  sufficient 
number  to  warrant  the  expense,  a  reprint 
will  be  made. 

The  House  of  the  Society  is  at  101  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram- 
ercy  Park.  It  is  open  from  nine  o'clock. 
a.  m.  to  five  o'clock  p.  m.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  P.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  present  be  open  every  Thursday 
evening,  from  7^  to  10  P.  M.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals  and  for 
conversation. 
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Members  of  the  Society  who  expect  to  visit  Whereas,  the  metric  system  of  weights  and 

Europe  during  the  preseut  year,  are  request-  measures  is  now  extensively  used   abroad  ; 

ed  to  inform  the  Secretary  as  soon  as  possible  and  whereas,  it  is  desirable  that  the  relation 

of  that  fact,  and  also  of  the   time  when  they  of  the   units  of  differing   systems   be  made 

purpose  leaving  and  the   probable   length  of  familiar  to  all,  by  comparison  : 

their  stay  abroad.  Resolved,  That  Members  be  requested,  in 

The  following  resolution  was  adopted  at  the  papers  hereafter   presented  to  the  Society  to 

Ninth  Annual  Convention  of  the  Society  and  write,  in   parenthesis,  weights  or  dimensions 

ordered  printed  regularly  in  the  Society  pub-  by  the  metric  system  in  connection  with  those 

lications  :  of  the  system  in  general  use. 


LIST      OF      M  E  .M  B  E  R  S . 


ADDITIONS. 
MEMBERS. 


Date  of  Klection. 

Noble,  Alfred (Junior  to  Member)  Asst.  U.  S.  Engi- 
neer, Sault  St.  Marie,  Mich April  3,     1S78. 

Post,  James  C Captain  of  Engineers  U.  S.  A.,  P.  O. 

Box  266,  Savannah,  Ga Feb.     6.     1878. 

JUNIORS. 

Hayes,  Edmund  Care  of  Morison,  Field  &  Co.,  Engi- 
neers and  Bridge  Builders,  Buffalo, 
N.  Y March  6.    1S78. 

Kellogg,  Norman   15 Care  of  Fo.k  &  Kellogg,  530  California 

St.,  San  Francisco,  Cal., Feb.     6,     1878. 

Prince,  Edwaud Hotel  de  Boston,  22  Louis  le  Grande, 

Paris,  France "        "         "• 


CHANGES    AND   CORRECTIONS. 
MEMBERS. 

Aldrich,  James'  C 51  East  Twentieth  St.,  New  York. 

Baxter,  George  S Greenwich,  Conn. 

Buell,  Richard  H Room  47,  206  Broadway,  New  York. 

Fink,  Rudolph Asst.  Supt.  W.  C,  Virginia,  Midland  and  G.  S.  Rail- 
road, Alexandria,  Va. 

Pettit,  Robert  E Asst.  Engineer  of  Maintenance  of  Way,  Penna.  R.  R., 

Union  Depot,  Pittsburgh,  Pa. 

Searles,  William  H Civil  Engineer,   Room  57,  Coal  and  Iron   Exchange, 

New  York. 

juniors. 

HoRTON,  Sanford, A.  T.  &  S.  F.  R.  R.  Rocky  Fora,  Colorado. 

Taskkr,  Charles  A Civil  Engineer  and  Surveyor,  180  West  4lh  St.,  Cin- 
cinnati, Ohio. 
associate. 
FoKD.  .'Vrthuk  L Care  of  Garvalena  y  Ca.  Caibarien,  Cuba. 


resigned. 
Sandherc,  Christkr  P  .  .  .  .Member April    2,      1S7S. 
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MINUTES    OF    MEETINGS 

(Abstract  of  siioh  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

Apeil  3d,  1878. — The  Society  met  at  8  p.  m.,  Vice-President  Eoberts 
in  the  Chair.  The  Secretary  reported  that  there  had  been  an  attendance 
of  members  at  the  rooms  on  each  Thursday  evening  while  they  had 
been  open,  and  it  was  resolved  that  the  Library  and  Conversation  Koom 
should  be  kept  open  for  the  present  and  until  further  action  on  each 
Thursday  evening  from  7^  to  10  o'clock. 

Mr.  E.  P.  North,  on  behalf  of  the  Committee  on  Exhibit  at  Paris, 
re^Dorted  progress  in  the  collection  of  material  for  siich  exhibit. 

The  ballot  u^dou  the  adoption  of  the  following  memorial  was  can- 
vassed : — 

To  the  Honorable  the  Senate  and  House  of  Representatives  of  the  Urdted  States  in  Covgress- 
assembled : 

The  American  Society  of  Civil  Engineers  respectfully  represents  to  your  honorable  bodies, 
that  the  triangulation  of  the  United  States  Coast  Survey,  wherever  it  extends,  aflbrds  a  con- 
venient and  accurate  basis  for  the  location  of  roads,  railroads  and  public  works  of  all  kinds,  as 
well  as  for  topographical  and  other  surveys  ;  a  basis  which  for  precision  and  completeness  is 
otherwise  practically  unattainable. 

And  the  said  Society,  according  their  hearty  approval  of  the  United  States  laws,  whereby 
the  Coast  Survey*  Department  is  authorized  to  extend  its  triangulations  over  Stales  where- 
scientific  surveys  are  ordered  by  the  State  Legislatures,  respectfully  petitions  your  honorable 
bodies  to  make  the  necessary  appropriations  for  continuing  such  triangulations  as  may  bo 
called  for, under  the  said  laws,  whereby  the  valuable  work  of  the  Coast  Survey  may  be  more 
fully  utilized,  to  the  great  advantage  of  all  portions  of  the  country. 

Upon  this  there  were  : — 

For  adoption,  73  votes  ;  against  adoption,  66  votes.  The  memorial 
was  thereupon  declared  adopted. 

On  motion,  it  was  ordered  that  two  copies  of  tlie  memorial  be 
engrossed,  signed  b\^  the  President  and  Secretary,  and  forwarded,  one 
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to  the  Senate  and  one  to  tlie  Hoiiss  of  Representatives  of  the  United 
States  Congress. 

The  ballot  upon  admission  to  membership  was  canvassed,  and  the 
following  were  declared  elected  : — 

As  Members,  O.  L.  Glover,  of  Lima,  Peru,  and  Alfred  Noble,  of 
Detroit,  Mich,  (elected  Junior  February  10,  1875)  ;  as  Junior,  Edmund 
Hayes  of  Buffalo,  N.  Y. 

A  jDaper  by  Julius  H.  Striedinger,  entitled  "The  Law  of  Tidal  Cur- 
rents in  River  Harbors,"  suggested  by  the  i^ajjer  on  Improvements  in 
Boston  Harbor,  was  read  by  the  author,  and  the  subject  discussed  by 
Messrs.  Collingwood,  Haswell,  W.  J.  McAlpine,  and  Roberts. 

Mr.  Bogart  read  from  advance  sheet  of  the  Transactions  of  the  Lasti- 
tution  of  Civil  Engineers  an  account  of  the  plan  and  construction  of 
the  Hooghly  fioatiug  bridge  in  India. 

Apkll  17th,  1878. — The  Society  met  at  8  p.  ai,,  Vice-President 
Roberts  in  the  Chair. 

A  pajier  by  M.  J.  Becker,  entitled  "The  Construction,  Machinery 
and  Operation  of  the  Incline  Plane  Railroad  at  Madison,  Ind.,"  was 
read  by  the  Secretary.  The  subject  Avas  discussed  and  illustrated  by 
Messrs.  Chanute,  Forney,  William  J.  McAlpine,  Ro]>erts,  Yardley  and 
others. 

The  Society  then  adjourned,  and  on  invitation,  through  Mr.  William 
J.  McAlpine,  proceeded  to  the  rooms  of  Mr.  Johnson,  who  exhibited  to 
the  Society  the  construction  and  operation  of  the  Edison  speaking 
jjlionograph. 


OF  THE  BOARD  OF  DIRECTION. 
Apkil   3d,    J878. — Applications    for   membership    were    considered. 
Appropriations  were  made.     Questions  of  copyright  were  considered. 


NOTES    AND     MEMORANDA. 


TJkited     States     Board    to    Test    Iron,  "Whereas,  in  1872,  a  committee  of  members 

Steel  and  other  Metals. — Tbe  attention  of  of  tlie  American  Society  of  Civil  Engineers  was 

members  of  the  Society  is  called  to  the   fol-  api^oiuted  to  take  into  account  and  to  ascertain 

lowing  resolutions  which    were    adopted  at  the  best  way  of  establishing  a  Board  for  the 

the  last  annual  convention.     The  Committee  testing  of  such  metals  and  alloys  as  form  parts 

of  the  Society  upon  the  same  subject  urges  of  the  structures  and  machines  required  for 

upon   all  interested  in  the   important  work  use  by  the  citizens  of  this  country  ;  and 

undertaken  by  this  Board  the  fact  that  action  "  Whereas,    under    this    appointment,    the 

in  accordance  with  these  resolutions  must  be  committee  proceeded  in  its  labors  so  far  as  to 

taken  at  once  to  be  of  any  avail.    The  Board  obtain  favorable  action  from  the  Congress  of 

Tiiust  soon  pass  out  of  existence,  unless  fur-  the  United  States,  by  a  law  authorizing  the 

ther  legislation  is  had.  creation  of  a  Board  for  the  purpose  of  making 

Kesolutions  adopted  at  the  9th  Annual  Con-  such  tests,  and  appropriating  money  to  be 

yention  of  the  American  Society  of  Civil  Ea-  expended  therefor  as  well  as  in  purchase  of 

gineers  :  suitable  machinery  ;  and 
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"  Whereas,  at  a  late  session  of  Congress  a 
law  was  passed,  whereby  said  Board  would 
cease  to  exist  upon  the  expenditure  of  the 
money  then  appropriated  ;  be  it 

"  Resolved,  that  this  Society  deems  the  tests 
proposed  to  be  made,  to  be  of  national  impor- 
tance, and  therefore  asks  that  so  much  of  the 
Sundry  Civil  Appropriation  Bill,  passed  by 
Congress,  as  provides  that  the  Board  to  test 
iron,  steel  aud  other  metals,  shall  be  discon- 
tinued when  the  money  appropriated  for  its 
use  shall  have  been  expended,  be  rejiealed  ; 
that  the  unexpended  balance  to  the  credit  of 
the  Board  be  reapi^ropriated,  and  that  such 
further  appropriation  made  be  for  the  use 
of  the  Board  as  may  be  needed  to  complete 


the  investigations  undertaken — the  sum  re- 
quired for  the  coming  year  being  S40,000. 

"Resolved,  that  each  member  of  this  So- 
ciety be  urged  to  use  such  influence  as  he 
may  possess,  to  obtain  favorable  and  imme- 
diate action  by  the  Congress  of  the  United 
States  in  furtherance  of  the  objects  here 
prayed  for. 

"  Resolved,  that  the  abovs  resolutions  be 
printed,  and  several  coi^ies  furnished  to  each 
member  of  this  Society,  to  be  used  by  him  in 
promoting  the  object  sought ;  and  that  re- 
ports of  their  action  in  the  matter  be  made 
by  each  to  the  Secretary,  giving  names  of  rep- 
resentatives in  Congress  who  have  been  ad- 
dressed or  seen  on  the  subject." 


NOTES    OF    IMEETINGS 


A  portfolio  of  a  number  of  the  original 
drawings  of  the  first  construction  of  the 
Philadelphia  &  Reading  Railroad  was  some- 
time since  presented  to  the  Society  by  Mr. 
MoscuRE  Robinson,  Honorary  Member  of  the 
Society.*  Extracts  from  the.  letter  of  Mr. 
Robinson  sent  with  the  portfolio,  from  the 
pamphlets  which  accompanied  it  aud  from 
the  remarks  made  by  W.  Milnor  Roberts,  at 
the  time  of  the  presentation  are  appended. 

From  the  letter  of  Mr.  Moncure  Robinson 
to  Vice-President  Koberts  : 

<i  *  *  *  J  aQ.(  gratified  to  learn  that  you 
aud  Mr.  Bogart  think  the  plans  of  works  on 
the  Philadelphia  &  Reading  Railroad  will  be 
interesting  to  many  of  our  members,  and  I 
will  take  great  pleasure  in  forwarding  them. 
I  will  enclose  with  them  a  short  report  made 
to  the  Board  of  Directors  in  December,  183!), 
after  the  first  trial  of  the  Govvan  and  Marx 
aud  an  account  by  Mr.  Nicolls,  the  superin- 
tendent of  the  road  of  her  first  regular  per- 
formance in  February,  1840.  I  will  add  to 
them  an  address  by  Professor  R.  E.  Rogers  to 
the  Franklin  Institute  in  1874,  in  the  ap- 
pendix to  which  you  will  find  some  extracts 
from  publications  of  the  period  contemporary 
with  the  Gowan  and  Marx,  showing  the  sen- 
sation made  in  Europe  as  well  as  in  the 
United  States  by  her  performance.  To  this 
was  due  the  invitation  given  Messrs.  Eastwick 
and  Harrison  to  visit  St.  Petersburg  to  make 
a  contract  for  building  the  locomotives  and 
other  machinery  for  the  St.  Petersburg  & 
■Moscow  Railroad,  a  contract  which  Mr.  Har- 

*  See  Proceedings,  Vol.  Ill,  page  1-36,  De- 
cember, 1877. 


I'ison  has  often  said  to  me  was  the  foundation 
of  the  large  fortunes  made  there  by  himself 
and  his  copartners.    *    *    *  >> 

From  a  report,  dated  Philadelphia,  Decem- 
ber 10th,  1839,  made  to  the  Directors  of  the 
Philadelphia  &  Reading  Railroad  Company  by 
Messrs.  Moncure  Robinson  and  Wirt  Robin- 
son, Engineers  of  the  Connsany  : 

"  The  undersigned  are   gratified  in  being 
enabled  to  report  that  the  line   of  railroad 
between  this  city  and  Reading  was  on  Thurs- 
day last  opened  for  transportation.    The  Com- 
pany's engine,  the  Gowan  and  Marx,  on  that 
day  left  Reading  with  a  train  of  eighty  cars, 
conveying,  with  other  articles, 
1,63.5  barrels  of  flour, 
73>4'  tons  of  blooms, 
G  tons  of  coal, 
2  hogsheads  of  whiskey, 
60  persons. 

The  weight  of  the  train,  exclusive  of  the 
engine  and  tender,  being  368  tons  and  the 
net  load  conveyed  240  tons. 

The  failure  of  one  of  the  water  pipes  of 
the  engine  arrested  the  train  after  the  lapse 
of  an  hour,  in  which  time  it  had  jsrogressed 
twelve  miles  from  Readiiig,  and  made  it 
necessary  to  await  the  arrival  of  another 
engine,  the  Delaware.  By  this  engine  the 
whole  train  was  first  pushed  four  miles  to  a 
sideling  at  Pottstown  and  thence  drawn  on 
twenty-four  miles  to  Norristown. 

The  whole  weight  of  the  Delaware,  includ- 
ing fuel  and  water  is  ten  and  a  quarter  tons, 
and  of  the  Gowan  and  Marx  ten  and  seven- 
tenths  tons. 

It  is  hoped  that  this  performance  of  engines 
of  lighter  dimensions  than  those  now  gene- 
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rally  ordered  for  heavy  trausijortation  will  sat- 
isfy such  of  the  stockholders  as  have  hitherto 
been  sceptical  that  the  results  anticipated  by 
the  uudersigned  will  be  at  least  realized,  and 
that  the  load  of  an  engine  from  the  coal 
mines  to  the  city  will  not  be  less  than  the 
amount  (150  tons)  estimated  in  their  report  of 
September,  1838.  If  this  be  so,  there  pan  be 
no  room  for  doubt  that  the  cost  of  transpor- 
tation estimated  in  that  report  (52JX  cents  per 
ton),  will  not  be  exceeded.  This  results,  on 
■the  largest  estimates  of  the  expenses  of  a 
train,  as  unavoidably,  from  the  amount  of 
the  load  conveyed  as  the  latter  does  from  the 
graduation  of  the  road. 

The  board  will  now  probably  be  better  satis- 
fied than  ever  that  the  plan  of  improvement 
they  have  adopted  was  the  only  proper  one 
for  the  objects  they  had  in  view.  If  instead 
of  a  graduation,  the  worst  case  of  which  is  a 
lex^el,  undulations  not  exceeding  thirty  feet  to 
a  mile  had  been  admitted,  the  load  of  the  en- 
gine would  have  been  but  litlle  more  than 
one-third  of  its  present  load,  and  the  cost  of 
transportation  would  have  been  increased  in 
nearly  a  corresponding  ratio.  While  the  first 
cost  of  the  road  has  been  somewhat  greater 
on  the  plan  adopted,  the  cost  of  transportation 
has  been  reduced  very  nearly  to  its  minimum. 
The  comxjany  has  thereby  insured  large  pro- 
fits on  articles  which  can  bear  the  customary 
rates  of  railroad  transportation,  and  more  or 
less  profit  on  every  article  brought  on  their 
improvement,  and  which  ca!i  be  transported 
at  all  in  any  other  way." 

"  The  uuder.signed  have  given  much  atten- 
tion to  the  description  of  engines  most  judi- 
cious for  your  road.  Among  those  in  general 
use  hitherto  some  (the  English  pattern)  pos- 
sessed the  advantage  of  great  adhesion,  but 
without  the  requisite  facility  in  turning 
curves.  Others  with  this  last  advantage  had 
the  weight  of  about  half  the  engine  only  on 
their  driving  wheels,  their  adhesion  not  onlj' 
being  diminished  in  proportion,  but  the 
weight  en  each  driving  wheel  being  still  so 
great  as  rapidlj'  to  wear  out  the  tires  of  the 
wheels,  and  to  produce  unuecessai-y  iujurj'  to 
the  rails.  In  addition  to  these  disadvantages 
in  most  of  our  engines  in  ordinary  use,  it  was 
essential  to  the  plan  of  engine  for  our  road 
that  it  should  be  as  well  as  possible  adapted 
to  the  use  of  anthracite  coal,  and  to  slow  mo- 
tion. The  result  of  the  attention  given  by  us 
to  this  subject,  has  so  far  been  most  satisfac- 
tory. The  engine,  the  •  Gowan  and  Marx,' 
above  mentioned  as  the  one  used  on  the  occa- 
sion of  the  opening  of  the  road  for  transporta- 
tion, is  geared  for  slow  motion  (having  but 


three  feet  three  inch  driving  wheel),  and  a 
a  velocity  of  from  eight  to  ten  miles  i^er  hour, 
her  draft  and  generation  of  steam  with  anthra- 
cite coal,  appear  to  us  as  perfect  as  in  any 
locomotive  that  we  know  of.  With  the  advan- 
tage of  a  truck  for  turning  curves,  she  has 
three-fourths  of  her  weight  thrown  on  four 
instead  of  two  driving  wheels,  giving  her 
thereby  a  large  amount  of  adhesion,  but  with 
the  weight  so  divided  as  to  be  but  little  in- 
jurious to  the  tire  of  the  wheel  or  the  road. 
We  are  not  without  hopes  that,  aided  by  the 
suggestions  of  her  ingenious  builders,  Messrs. 
Eastwick  and  Harrison,  of  this  city,  and  our 
other  experienced  manufacturers  we  may  be 
enabled  to  attain  the  whole  adhesion  of  the 
engine  without  giving  up  the  guide  truck, 
anl  to  divide  the  weight  equally  on  all  the 
wheels  of  the  engine  ;  points  essential  to  ob- 
taining at  slow  velocities,  the  maximiim  use- 
ful efiect  of  the  engine,  and  to  diminish  the 
wear  and  tear,  both  of  engines  and  the  road. 
In  the  mean  time,  it  will  be  gratifying  to  the 
Board  to  know  that  we  are  in  possession  of 
two  plans  of  engine  for  burning  anthracite 
coal,  that  of  the  Gowan  and  Marx  above 
described,  and  that  adopted  on  the  Baltimore 
and  Ohio  Railroad,  which  will  realize  all  that 
it  was  ever  exi^ected  their  road  would  perform, 
and  far  transcend  all  that  was  promised  at  its 
commencement,  and  that  any  farther  im- 
provements in  the  jjlanof  locomotive  adapted 
to  it,  will  only  add  still  further  to  its  useful 
efi'ect,  and  reduce  still  further  in  the  wear 
and  tear  of  engines  and  the  road ;  adding,  of 
course,  in  a  correspondiug  ratio,  to  the  value 
of  the  work."* 

From  a  report  made  by  G.  N.  Nicolls,  Su- 
perintendent Transportation,  P.  and  R.  R.  R., 
dated  Reading,  February  21th,  1840  : 

"  Statement  of  the  performance  of  the  loco- 
motive engine  Gowan  and  Marx,  built  by 
Messrs.  Eastwick  and  Harrison,  Philadelphia, 
on  the  Philadelphia  and  Reading  Railroad, 
with  a  train  of  one  hundred  and  one  loaded 
cars,  February  20th,  1840. 

"Gross  weight  of  train,  including  cars  and 
freight,  but  not  including  engine  or  tender, 
423  tons  of  2  240  lbs. 

Net  weight  of  freight,  2683^  tons  of  2  240 
lbs. 

The  freight  consisted  of — 2  002  barrels  of 
flour,  82  do.  whiskey,  459  kegs  of  nails,  19 
tons   of   bar  iron,    22   hhds,   of  meal,   5   do. 

*  Included  in  this  report  is  an  estimate  for 
an  increased  supply  of"  rolling  stock,  which 
gives  as  cost  of  locomotives  $7,500  each  ;  of 
coal  cars  $270  each,  and  of  ordinary  freight 
cars  $250  each. 


25 


•whisliey,  4  do.  oil,  and  sundry  otlicr  articles, 
making  a  total  of  2683a  tons. 

Distance  from  Heading  to  the  foot  of  tha 
Inclined  plane  on  the  Columbia  Railroad  54>^ 
miles.  Running  time  of  the  engine  with 
train,  five  hours  thirty -three  minutes;  rate 
S.82  miles  per  hour.  Coal  consumed,  rod 
ash,  anthracite,  from  Schuylkill  county, 
5  600  lbs.    Water  evaporated,  1  774  gallons. 

Gb.vdes  of  Road. 

The  total  fall  from  Reading  to  the  point 
where  the  train  was  stopped  near  the  Colum- 
bia Railroad  is  214.5  feet,  being  an  average  fall 
of  3.94  feet  per  mile.  There  is  no  ascending 
grade  from  Reading  to  the  Columbia  Rail- 
road, with  the  exception  of  about  2  100  feet  at 
its  lower  termination,  graded  at  26.4  feet  per 
mile,  upon  which  grade  the  train  was  stopped; 
the  other  grades  vary  from  19  to  15  feet  per 
mile;  there  are  only  three  miles  graded  at  18 
feet  and  one  at  19  feet  per  mile. 

The  total  length  of  dead  level  line  from 
Reading  to  the  Columbia  Railroad  is  27  miles 
and  4  200  feet;  of  this  the  longst  levelis  9 
miles  an  I  50J  feet  long,  between  Norristowu 
and  the  inclined  plane;  the  others  vary  from 
1 550  feet  to  4  miles  and  1  600  feet  in  length. 

State  of  the  Teack. 
Owing  to  the  frost  coming  out  of  the  ground 
at  this  season,  the  track  was  in  worse  order 
than  at  any  other  time  of  the  year;  this,  how- 
ever, did  not  materially  affect  the  performance 
of  the  engine,  as  the  embankments  were  all 
in  nearly  as  good  order  as  at  other  times;  and 
at  comparatively  few  points  in  the  deep  cut, 
was  the  track  sufficiently  out  of  line  or  level 
to  offer  increased  resistance  to  the  train. 

The  superstructure  of  the  road  consists  of 
a  T  rail,  45  lbs.  to  the  yard,  laid  upon  sills  7 
feet  long  and  7  by  8  inches  square,  3  feet  IJi 
inches  apart  from  centre  to  centre,  and  laid 
x>n  broken  stone. 

State  of  the  R.\ils. 
For  the  first  twenty  miles  the  rails  were  in 
very  bad  order,  the  morning  was  cloudy,  and 
a  fog  of  the  previous  night  had  left  sufficient 
moisture  on  the  surface  of  the  rails  to  dimin- 
ish considerably  the  adhesion  of  the  engine; 
for  the  remainder  of  the  distance  the  weather 
was  clear  and  the  rails  in  good  order. 

■WORKISl}    OF  THE   ENGINE. 

On  three  difi'erent  occasions  the  engine 
started  the  whole  train  on  a  dead  level,  and 
when  on  a  dry  rail,  without  the  wheels  slip- 
ping. 

The  steam  ranged  from  80  lbs.  to  130  lbs. 
per  square  inch,  to  which  latter  iiressure  the 
safetv  valve  was  screwed  down. 


The  draught  of  the  engine  was  created  by 
the  escape  steam  passing  into,  and  from,  a 
tubed  exhaust  box,— no  other  draft  was  used 
while  running;  at  the  water  stations 
"Reilly's  patent  fan"  was  used  when  fresh 
coal  was  thrown  on  the  fire,  but  at  no  other 
time. 

The  speed  of  the  train  was  noted  when 
passing  through  some  curves  of  819  feet 
radius  on  the  9  mile  level,  and  found  to  be  9.8 
miles  per  hour:  on  a  straight  line  on  the 
same  level  the  engiue  attained  a  sj^eed  of  10.5 
miles  per  hour. 

So  little  was  the  engiue  affected  by  her  per- 
formance on  the  20th,  that  on  the  23d  she 
drew,  on  her  return  trip,  88  burden  cars,  9  of 
which  were  loaded,  and  a  locomotive  engine, 
making  a  gross  weight  of  163  tons  of  2  240 
lbs.,  not  including  engine  or  tender,  up  a 
grade  of  18.4  feet  per  mile.  The  train  had  a 
strong  head  wind  against  it  during  the  n'hole 
trip,  which,  owing  to  its  length,  1  200  feet, 
was  sensibly  felt  at  some  exposed  points  of 
the  road,  and  must  have  proportionably 
affected  the  power  of  the  engine.  ^ 

Weight  and  Dimensions  of  the  Engine 
"  Gowan  and  Marx." 
Weight  when  empty  21  640  lbs.  In  running 
order,  with  fuel  and  water,  24  660  lbs.,  on 
four  driving  wheels  in  running  order,  or 
with  water,  fuel,  and  two  men,  18  260  lbs. 
Cylinders  V2%  by  16  inch  stroke;  8  wheels,  4 
of  which  are  driving  wheels,  coupled,  3  feet  4 
inches  diameter  ;  truck  wheels  2  feet  6  inches 
diameter.; 

The  weight  of  the  burden  cars  averaged 
from  1.5  to  1.65  tons,  of  2  240  lbs.  each;  they 
were  all  i  wheeled — wheels  3  feet  diameter, 
and  4  feet  6  inches  apart  from  centre  to 
centre. 

The  above  performance,  of  an  11  ton  engine, 
is  believed  to  exceed  any  on  record  in  this  or 
any  other  country." 

From  the  remarks  made  by  Mr.  Milngk 
Roberts  at  the  time  of  the  presentation  t  > 
the  Society  of  the  original  drawings  of  works 
on  the  Reading  Railroad: 

In  regard  to  the  locomotive  "Gowan  and 
Marx,"  to  which  Mr.  Robinson  refers  in  his 
letter,  and  upon  the  performance  of  which 
Mr.  NicoUs,  at  that  time  Superintendent  of 
Transportation  on  the  Reading  Railroad, 
made  his  report  in  yebruary,  1810,  allow  me 
to  mention  briefly  some  of  the  principal  fea- 
tures of  the  road,  the  engine  and  its  perform- 
ance. 

I  recollect  very  well  the  sensation  it  created 
at  the  time  both  in  this  country  and  in  Eu- 
rope, as  showing  a  material  advance  in  loco- 
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motive  construction.  Previouely,  most  of 
our  locomotives  had  but  two  driving  wheels, 
and  their  normal  power  of  hauling  was  very 
much  less  than  that  exhibited  by  the  Gowan 
and  Marx. 

The  Reading  Railroad  had  been  very  care- 
fully and  judiciously  located  by  Mr.  Robinson, 
its  Chief  Engineer,  so  as  to  present  only  de- 
scending or  level  grades  from  the  coal  re- 
region  to  Philadelphia,  in  the  Schuylkill  val- 
ley. There  is  one  level  of  nine  miles.  The 
aggregate  of  the  levels  between  Reading  and 
Philadelphia  is  27  miles,  being  about  half  of 
the  distance.  The  residue  has  grades  not  ex- 
ceeding 19  feet  per  mile;  the  whole  d  stance, 
54J  miles,  averaging  3.94  feet  per  mile. 

The  real  test  was  upon  the  9  mile  level, 
where  the  engine  pulled  the  train  through 
some  curves  of  819  feet  radius  at  the  rate  of 
9.8  miles  per  hour;  and  on  a  straight  line 
of  10.5  miles  per  hour. 

The  train  conisted  of  101  four-wheeled  cars, 
which  weighed  154  l  tons,  of  2  240  lbs.  (aver- 
age weight  of  single  car,  1.53  tons).  The 
freight  weighed  268J  tons,  of  2  240  lbs.  (aver- 
age load  per  car,  2.66  tons).  Total  weight  of 
train,  exclusive  of  engine  and  tender,  423  tons 
of  2  240  lbs. ;  being  about  39  times  the  weight 
of  the  locomotive,  which  was  11  tons. 

The  weight  of  the  locomotive,  when  empty, 
21  640  lbs.  In  running  ordei ,  with  fuel  and 
water,  24  660  lbs.  Weight  on  the  four  drivers, 
in  running  order,  with  water,  fuel  and  two 
men,  18  260  lbs. 

Cylinders  I2-3'  inches  by  16  inch  stroke;  8 
wheels,  four  of  which  were  driving  wheels, 
coupled,  3  feet  4  inches  diameter;  truck 
wheels,  2^  feet  diameier. 

The  4  wheeled  cars  had  wheels  3  feet  diam- 
eter, 4  feet  6  inches  apart,  from  centre  to  cen- 
tre. 

Track  laid  with  T  rail,  45  lbs.  per  yard; 
gauge  4  feet  8J  inches. 

The  engine  started  the  whole  train  on  a 
level. 

The  steam  ranged  from  80  lbs.  to  130  lbs. 
The  draft  of  the  fire  was  created  by  the  escape 
steam  passing  into  and  from  a  tubed  exhaust 
box.  "  Reilly's  patent  fan  "  was  used  when 
fresh  coal  was  thrown  ou  the  fire,  but  at  no 
other  time. 

The  concluding  remark  of  Mr.  Nicolls  re- 
port is,  "  The  above  performance  of  an  11 
ton  engine,  is  believed  to  exceed  any  on  re- 
cord in  this  or  any  other  country,"  The  date 
of  this  performance  was  February  24,  1840; 
almost  38  years  ago. 

Many  changes,  and  numerous  improve- 
ments have  been  made  during  these  38  years, 


in  the  construction  and  use  of  American  rail- 
roads, locomotives  and  cars;  and  the  capital 
invested  in  some  of  our  most  important  roads 
is,  in  some  cases,  ten,  fifteen,  aud  even  twenty 
times  more  than  it  was  originally.  The  busi- 
ness also  has  been  immensely  augmented: 
though  not  proportionally  with  the  augmented 
ed  capital.  The  weight  of  the  rail  has  been 
increased  about  50  per  cent.,  the  weight  of  the 
empty  car,  upon  4  wheels,  instead  of  being 
only  3  360  lbs.,  is  at  least  two  and  a-half  times 
as  much,  oi-,  say  8  400  lbs.,  while  the  freight 
now  carried  is  little  more  than  the  weight  of 
the  car,  whilst  in  1840,  the  car  carried  one 
and  three-fourths  times  its  weight.  At  the 
present  day,  if  the  passenger  cars  and  sleep- 
ers, aud  cattle  cars  are  taken  into  the  account, 
the  roads  actually  carry  little,  if  anj-,  more 
than  the  weight  of  the  cars. 

Locomotives  weighing  four  times  as  much 
as  the  Gowan  and  Marx,  cannot  j)ull  four 
times  the  amount  of  gross  load  pulled  by  that 
engine;  much  less  can  they  transport  four 
times  her  net  load  of  freight. 

Allowing  8  tons  (of  2  240  lbs.)  for  the  weight 
of  a  car,  and  10  tons  (of  2  240  1-  s.)  for  the  load 
of  each  car.  it  would  require  212  cars,  weigh- 
ing 1  696  tons,  to  carry  2  120  tons  of  load ;  the 
total  weight  being  3816  tons. 

The  performance  of  a  44  ton  engine  of  the 
present  day,  might  isossibly  be  about  half  of 
this. 

That  is,  if  it  be  assumed  that  an  engine 
might  now  pull  a  gross  weight  of  1  908  tons. 
It  would  convey  but  848  tons  of  freight;  or  ii 
times  the  gross  weight  of  the  Gowan  and 
Marx  train,  could  show  only  3|  times  the 
freight  that  was  carried  ou  that  train. 

A  batt  e  has  been  raging  f  r  some  years  be- 
tween armor  plates  on  one  side,  and  penetrat- 
ing projectiles  on  the  other;  and  the  question 
may  be  asked,  whether  there  is  not  another 
engineering  battle  now  going  on,  between  the 
weight  and  material  of  the  rails,  to  ^fithstand, 
and  the  weight  and  power  of  the  locomotives 
and  trains  to  destroy.  In  both  cases,  large 
sums  are  needed  to  carry  out  the  experiments. 
It  is  a  question,  whether  in  the  grandeur  of 
certain  things,  we  may  not  have  iiassed  the 
economical  xjoint. 

An  occasional  reference  to  the  railrcad  ex- 
perience of  forty  years  ago,  may  serve  to 
show  that  some  practical  mechanical  knowl- 
edge then  existed,  and  that  it  was  applied 
■with  good  results. 

I  can  state  as  within  my  own  experience  in 
the  Alleghany  Portage  Railroad,  Pennsylvania, 
in  1834,  that  there  were  performances  of  loco- 
motives built  by  Wm.  Norris,  of  Philadelphia, 
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iu  ruuniug  over  smooth  rails  up  inclines  of 
over  500  feet  per  mile;  and  one  of  his  engines 
at  one  time  conveyed  a  passenger  car,  with 
60  passengers  iu  it,  up  au  incline  of  422  feet 
per  mile,  at  the  rate  of  ten  miles  per  hour. 

The  Following  Letter  has  been  received 
from  the  Verein  Deulscher  Ingenieure  (Society 
of  German  Engineers)  : 
To  the  American  Society  of  Civil  Engineers  : 

In  the  expectation  that  many  of  the  Ameri- 
can ergineers  who  may  visit  the  Exposition 
at  Paris,  will  feel  au  interest  in  the  industries 
of  Germany,  which,  as  is  known,  will  not  be 
represented  in  Paris,  and  thinking  that  they 
may  desire  on  this  occasion  to  visit  the  fac- 
tories and  works  of  Germany,  the  Verein 
D-utscher  Ingenieure  remembering  most  grate- 
fully the  very  kind  and  hospitable  reception 
ei  joyed  by  German  engineers  at  the  time  of 
the  Exposition  at  Philadelphia,  offers  most 
heartily  a  cordial  welcome  to  its  American 
■colleagues,  and  desires  to  render  all  possible 
service  to  them. 

AVe  have  therefore  the  honor,  in  the  name 
of  the  Verein,  to  invite  the  members  of  the 
American  Society  of  Civil  Engineers  or  such 
other  American  Engineers  as  may  be  intro- 
duced by  the  Society,  to  visit  the  various  in- 
dustrial districts  of  Germany,  and  we  add 
herewith  a  list  of  persons  who  have  them- 
selves offered  to  assist  by  information  and 
Introductions,  such  visitors  from  the  United 
States  as  may  apply  tv>  them. 

With  high  esteem,  in  the  name  of  the 
Verein  Deutscker  Ingenieure, 

Fr.  Euler, 
President, 
Director  of  the  Iron  Works, 

Kaiserlauten. 
Prof.  Dr.  F.  Gbashof, 

Director,  Carlsruhe. 
1.  Aachen  District. 
Director  Bilharz  iu  Preussisch  Moresnet  bei 

Aachen. 
Kesselfabrikant  G.  Piedboeuf,    Professor  G. 

Herrmann,  Professor  Dr.  Diirre,   General- 
director  Landsberg,  in  Aachen. 
Geueraldirector  Hupperts,  Mechernich. 

2.    Lower  Ruhr  District. 
F.    Giese,    Director    der    Niederrheinischen 

Hiitte  in  Duisburg  und  Hochfeld. 
Fabrikbesitzer  E.  Berninghaus,   in  Duisburg. 
C.    Erdmann,  Director  der  Duisburger  Mas- 

chinenbau-Actieugesellschaft  in  Duisburg. 
A.  Thielen  und  A.  Coupette,  Directoren  der 

Actieugesellschaft    Phoenix    zu     Suar     bei 

lluhrort. 
•C.    Lueg,     Director    der     Actieugesellschaft 

Gutehoffnungshiitte  in  Oberhausen. 


H.  Jacobi,  Director  der  Actieugesellschaft 
Gutehoffnungshiitte  in  Herkrade. 

Schlink,  Director  der  Friedrich-Wilhelms- 
Hiitto  iu  Mulheim  a.  d.  Ruhr. 

.'3.      WUPPERTHAL,  REMSCHEID,  SoLINGEN. 

Der  Vorstand  des  Bergischen  Bezirksvereins 
(Vorsitzender :  Ingeuieur  Korse  in  Bar- 
men). 

4.    Other  Di.stricts  or  Westphalia. 
Ingeuieur  W.   Briigmann,   Civilingenieur  F. 

Peters,  Dortmund. 
Civilingenieur  Schemeltzer,  Hagen. 
Disselhof,  Dirigent  des  Wasserwerks  in  Iser- 

lohn. 

5.  Siegen  District. 
Civilingenieur  Macco,  Siegen.     Director  Jas- 
per,   Creuzthal.      Ingeuieur    Wintersbach, 
Dahlbruch. 

6.  Cassel  District. 

Geh.    Commerzienrath    O.    Henschel.      (Ma- 

chinerfabrik  von  Henschel  &  Sohn).  Cassel. 
Kgl.  Ober-Mascheneumeister  Th.  Biite,  Cassel. 

7.    Hannover  District. 
Maschinenfabrikant     A.     Knorenagel,     Geh. 

Rath  Professor  Dr.  Riihlmann,  Professor  F. 

Fisher,  Berg-Ingenieur  H.  Reck,  Hanuover. 
8.    Magdeburg,  Bernburg  and  Vicinitt. 
Civilingenif-ur  L.    Schmelzer,  Civilingenieur 

Walkhoff,  Civilingenieur  Buss,  Magdeburg. 
P.   Baumaun,   firma  :    Baumann    &   Magnet, 

Zuckerfabrik  in  Buckau. 
Bergmeister    Lehmer,  Ingeuieur   W.   Rothe, 

Beraburg. 
Fabrikbesitzer  Mook,  Leopoldshall  bei  Stass- 

furt. 
Ingeuieur  Gotth,  Sachsenber,  Rosslau  a,  d. 

Elbe. 

9.    Berlin  and  Vicinity. 
Geh.   Rath   Professor  Reuleanx.  Geh.  Ober- 

baurath    Schonfelder,  Geh.     Bergrath   Dr. 

Wedding,  Berlin. 
Salineudirector  Hosier,  Schijnebeck. 

10.    Stettin  District. 
Regierungs  und  Baurath  Dresel,  Schiffbau- 

Director  F.  Haack,  Fabrikeuinspector  Her- 

tel,    Stadtrath    Koppen,     Ober-Maschinen- 

meister  Truhlseu. 

11.    Silesia. 
Civilingenieur    Riehn,     Gorlitz.      Obergralh 

Althaus,  Breslau.    Kgl.  Bergwerksdireetor 

Koch,  larnowitz.     Bergrath  Broja,  Zabrze. 
Hiitteudirector     Schrickell,      Civilingenieur 

Nack,  Bergassessor  Lucke,  Kattowitz. 
12.     Bavaria. 
G.  Krauss,  Chef,  der  Locomotivfabrik  Krause 

&  Cie,  Miinchen. 
C.  Linde,  Professor  am  Polytechnicum,  Miin- 
chen. 
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Zemann,  Redarteur  von  Dingler's  P.'lytechni- 

chem  Journal,  Augsbni-g. 
A.    Frommel,     Gerant    der     Spinnerei     uud 

Weberei,  Augsburg. 
G.  Ultsch,  Professor  der  Kg).  Industricschule, 

Niirnberg. 
Hilpert,    Director    der    Machiueubau-Gesell- 

schaft,  Nu  nberg. 
Professor  Dr.  von  Wagner,  Wiirzburg. 
Noll,  Director  der  Waggonfabrik,  Wiirzburg. 

13.     Baden. 
Profef  sor  Dr.  Meidiuger,  Vorstand  der  Lan- 

desgewerbehalle  in  Carlsruhe. 

U.     Palatinate— Saarbrucken, 
Dingier,  Maclieneiifabrikant  in  Zvveibriicken. 
Ingeuieur  Kaufler,  liraia  :  Elsenwerk  Kaiser- 

slauten,  Kaiserslauteu. 
Hans      Schun.     liruui  :       Kamgaruspinnerei, 

Kaiserslauten. 
aiarzall,  Eisenbahuwerkuioister,  Korn,  Leder- 

fabrikant,  Saarbriicken. 
Ingenieur  Brandt,  firnia  :  Dingier,  Karcher  & 

Cie.,  iu  Sr.  Johanu. 
Bergrath  Hoernecke,  Dudweiler. 
Burbache  Hiitte,  bei  Saarbrucken. 
Dillinger  HUtteiiwerke,  Saarlouis. 
15.    MxDD.  E   Rhine. 
C.  Heberle,  Director  der  Grube  Friedrichsse- 

gen  bei  OberlabnBtein. 
Meinecke,  Chemiker  in  Oberlahnstein. 
Herzog,   Betriebsingenieur  der   Krupp'sclieu 
HUttenverwaltung  in  Sayn. 

l(j.    Lower  Rhine. 
Bergassessor  von  Velsen,  Bonn. 
Sachs,  Director  der  Gessellscliaft  Humboldt  in 

Kalk  bei  Coin. 
■Ingenieur  C.  J.  Langen,  Coin. 
Hegener,   Director  der  sliidtischen   Gas  und 

Wasserwerke  in  Coin. 
Frabrikbesitzer    Dr.    Grlineberg   (Chemische 
Fabrik-),  Cijlu. 

Amendment  to  By-Laws. 

Mr.  F.  Collingwood  has  proposed  for  the 
consideration  of  the  Society  the  following 
amendment  to  the  By-Laws,  and  on  bis  mo- 
tion, seconded  by  Mr.  Wilson  Crosby,  it  has 
been  directed  to  be  printed  and  issued  with 
the  announcement  that  it  would  be  regularly 
moved  at  the  approaching  Tenth  Annual  Con- 
vention : 

An  Amendment  to  the  By-Laws,  to  take  the 
place  of  Section  31.  adopted  at  the  Ninth 
Annual  Convention,  April  2.5th,  1877. 

Section  Any  member  entitled  to  vote 

for  officers  of  the  Society  may,  betore  tho 
third  Wednesday  of  September  in  any  year, 
nominate  such  ofHccrs  for  the  ensuing  year, 
by  presenting  tho  names  of  such  nominees 


in  writing,  over  his  own  signature,  in  a  sealed 
envelope,  addressed  to  the  Board  of  Direc- 
tion, and  endorsed,  "  Nominations  for  of- 
ficers." 

The  Board  of  Direction  or  those  of  its- 
members  present  at  a  meeting  of  the  Board, 
to  be  held  on  said  third  Wednesday  of  Sep- 
tember, for  this  purpose,  shall  prepare  a  list 
in  alphabetical  order,  under  the  title  of  each 
office,  of  all  the  persons  thus  nominated  and 
eligible  to  the  respective  offices,  together  wi  h 
the  class  of  membership  of  each  as  to 
whether  resident  or  non-resident. 

Within  one  week  thereafter,  the  Secretary 
shall  mail  such  list,  with  a  copy  of  this  sec- 
tion, to  all  members  of  whatever  class. 

Members  qualified  to  vote  for  officers  may 
do  so  by  striking  from  or  adding  to  this  li.st, 
and  return  the  same  as  their  ballots,  but  each 
ballot  shall  contain  not  more  than  one  name 
for  President,  one  for  Secretary,  one  for 
Treasurer  and  one  for  Librarian,  two  names 
for  Vice-President  and  five  names  for  Di- 
rectors. Of  these,  one  Vice-President,  the 
Secretary,  the  Treasurer,  the  Librarian  and 
three  Directors  must  be  resident  members. 

The  vote  shall  be  by  letter,  in  like  manner 
as  prescribed  for  admission  to  membership, 
and  be  canvassed  at  the  Annual  Meeting 
next  succeeding  said  third  Wednesday  iu 
September. 

The  pi-esiding  officer  shall  appoint  three  or 
more  tellers  for  the  canvass,  who  shall  reject 
all  ballots  not  in  conformity  with  the  Consti- 
tution and  By-Laws,  and  report  the  result  in 
full  to  the  meeting  in  writing,  such  report  to- 
be  preserved  by  the  Secretary  for  reference. 

The  nominee  for  any  office  receiving  the 
greatest  number  of  legal  ballots  shall  be  de- 
clared elected  to  that  office. 

If,  in  any  ease,  in  consequence  of  two  or 
more  nominees  receiving  an  equal  number 
of  votes,  there  is  no  election  of  a  particular 
officer,  the  members  present,  who  are  entitled 
to  vote,  shall  elect  such  officer  by  plurality 
ballot,  from  tho.se  nominees  receiving  tlie 
higl  est  number  of  votes. 

A  ballot  entirely  in  writing  shall  not  be 
rejected  for  that  reason. 

Mr.  Edward  P.  North  has  proposed  for  the 
consiileratiou  of  the  Society  the  following 
amendment  to  the  Constitution,  and  on  his 
motion,  seconded  by  Mr.  JI.  N.  Forney,  it  lias 
been  directed  to  be  printed  and  issued  with 
the  announcement  that  it  would  be  ofl'ered  i:t 
the  approaching  Tenth  Annual  Convention  : 

Amendment  io  Constitution.— To  amend 
Article  V,  as  far  as  relates  to  the  election  ol  a. 
Secretary,  as  follows  : 
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Hereafter  the  Secretary  sball  be  appointed 
by  the  Board  of  Directiou,  aud  hold  his  oflice 
during  their  pleasure. 


This  amendment  shall  take  effect  on  its 
passage,  and  Its  provisions  shall  apply  to  the 
Secretai-y  elected  in  November  next. 


LIST  OF  NEW  BOOKS  ON 

KNOINEEIllNG    AND    TEGHNOLOOY 


Alphabets  ;  a  Monogram  am! —  Album.   New 

York.     New  ed.    8vo.     Sdbin.     .?5.U0. 
Archseology.     Lake  Dwellings  of  Switzerland 
and  other  parts  of  Europe.    F.  Keller.    New 
York.     2  vols.  8vo,  illus.     Plates.     ScriOner, 
WH/hrd  tC-  Arnislioiif/.     .•f21.t)0. 

Architecture  ;  Handy  book  of  \'illa  .     C. 

Wilkes.  London.  -Ito,  illus.  Plates.  Crosby, 
Lockwood  c£-  Co.  4'2s. 
.  Old  homes  made  new,  being  a  col- 
lection of  Plans,  exteriof  and  interior  views, 
illustrating  the  alteration  and  remodelling 
of  several  suburban  residences,  with  ex- 
planatory text.  W.  Woollett.  New  Yoi-k. 
Folio,  illus.  BickneU.  $1.50. 
Art ;   E^say  on  Decorative.     Geo.  B.  Warren, 

Jr.  Tioy.  8vo.  W.  H.  Youny.  $0.25. 
Atlantic,  The  :  An  Account  of  the  General  Re- 
sults of  the  Voyage  during  the  year  1873 
and  the  early  part  of  the  year  1S7G.  Sir  C. 
Wyville  Thomson,  F.  K.  S.  With  a  Portrait 
of  ihe  author,  many  colored  Maps.  Temper- 
ature Charts,  aud  Illustrations.  New  York . 
8vo.     Harpers.     S12.(I0. 

Botany  :    Structural  and  Physiological  . 

Otto  W.  Thorne,  Professor  of  Botany  at  the 
School  of  Science  and  Art  at  Cologne. 
Trans,  aud  ed.  by  A.  W.  Bennett,  of  St. 
Thomas'  Hospital.  GOO  Woodcuts  aud  col- 
ored JIap.  New  York.  Small  8vo.  2d  ed. 
Wiley  £  Sons.     S2.25. 

Brakes;  Continuous  Hallway  .    A  Letter 

to  the  Right  Hon.  Sir  Charles  Adderley, 
President  of  the  Board  of  Trade.  By  a  fre- 
quent Railway  Traveler.  London.  8vo. 
Trubner.  6d. 
Bridges  ;  Practical  Treatise  on  the  Construc- 
tion of  Iron  Highway .     For  the  use  of 

Town  Committees  :  together  with  a  short 
Essay  upon  the  applicaiion  of  the  principles 
of  tiie  Lever  to  a  ready  analysis  of  the 
strains  upon  the  more  customary  forms  of 
Beams  and  Trusses.  With  many  fine  En- 
gi'avings.  A.  P.  Boiler,  A.  M.,  C.  E.  New 
Y'ork.  1vol.  8vo,  cloth.  2d  ed.  Wiley  £ 
Sons.  ?2.5ll. 
Carriage  Builders'  Reference  Book.  With  Il- 
lustrations aud  Descriptions  of  Centennial 
Exhibits.  I.  D.  Ware.  I'hiladelphia.  8vo, 
illus. 

Catalogue  ;    a  general  of  choice    books 

for  the  library;  comprising  a  selection  of 
the  best  books  by  ancient  and  modern  au- 
thors, in  all  depai'tmouts  of  literature,  sci- 
ence, aud  art.  Classified  aud  priced.  Cin- 
cinnati. 12mo.  Clarke.  §0.25. 
Chairman's  Handbook.  3d  ed.  Reginald  F. 
D.  Palgrave,  Clerk-.\ssist.  of  the  House  of 
Comuious.     Loudon.    Knight  <(;  Co.     Is.  Gd. 

Chemistry.     Industrial   .     A  JIanual  for 

Technical  Schools.  Chemists  aud  Manufac- 
turers, Based  upon  a  translation  (partly  by 
Dr.  T.  Barry)  of  Stohmanu  &  Engler's  Ger- 
man edition  of  Payens  Precis  dc  Chemie 
Industrielle.  Edited  throughout  and  aug- 
mented by  B.  H.  Paul,  Ph.  D.  Illustrated 
by  G98   Engravings  aud  containing  nearly 


1000  pages.  New  York.  8vo.  Wiley  if: 
Sons.  $10.00. 
Corporations.  The  New  York  Act  for  the 
Formation  of  for  Manulaciuiing,  Min- 
ing, Mechanical,  and  other  purposes.  With 
all  the  Ameuduieuts.  Notes,  Forms,  and 
Index.  Compiled  by  a  member  of  the  New 
Y^n-k  Bar.  New  York.  12mo.  Baker,  Vonr- 
liis  id  Co.     SO. 50. 

Design  ;  a  Primer  of .     Charles  A.  Barry, 

Supervisor  of  Dravnng,  Public  Schools,  Bos- 
tou.     Lee  <£•  Skepard.     {.Annouuceiuent  ) 

Di'ain.age-     House aud  water  service  in 

cities,  villages,  and  rural  neighborhoods. 
With  incidental  consideration  of  causes  ai- 
fectmg  the  healthfulness  ot  dwellings.  Jas, 
C,  Bayles.  New  York.  8vo.  D.  Williams. 
$3.00. 
Drawing.  An  Elementary  Course  of  Geo- 
metrical   ;  containing  Problems  on  tbe 

Right  Line  and  Circle,  Conic  Section  and 
other  Curves,  the  Projection,  Section,  and 
Intersection  of  Solids,  the  Development  of 
Surfaces,  and  Isometric  Perspectives.  With 
38  Plates.  16  by  20.  George  L.  Vose.  Bos- 
ton.    Lee  <£•  Shepard.     (.Announcement.) 

Elements  of  Machine  Construction,  or 

Machine  Drawiug,  with  some  Elements  of 
descriptive  and  rational  cinematics.  A  text 
book  for  schools  of  Civil  and  Mechanical 
Engineering  aud  for  the  use  of  Mechanical 
Establishments,  Artisans  and  Inventors — 
containing  the  principles  of  Gearing,  Screw 
Propellers,  Valve  Motions,  and  Governors, 
and  many  standard  and  novel  examples, 
mostly  from  ijreseut  American  practice.  S. 
Edward  Warren,  late  Professor  in  the  Rens- 
selaer Polytechnic  Institute.  New  Y'ork. 
2  vols.  8vo,  illus.  plates.  Wiley  d;  Sons.  SV.50. 

Industrial — comprising  the  Description 

aud  uses  of  Drawing  Instruments,  the  con- 
struction of  Plane  figures,  the  Projections 
and  sections  of  Geometrical  Solids,  Archi- 
tectural Elements,  Blechanism  and  Topo- 
graijhical  Drawing,  for  the  use  of  academies 
and  common  schools.  By  Prof.  D.  H.  Ma- 
han.  Revised  aud  enlarged  aud  chapter  on 
colored  topography  added  by  Prof.  D.  F. 
Thompson  of  Troy.  New  York.  8vo,  30  . 
plates.     Wiley  it:  Sons.     $3.50. 

Dynamics.      Elements    of :      Mechanics. 

With  numerous  Examples  and  Examination 
Questions.  J.  Blaikie.  Edinburgh.  Post 
8vo.  Si'inpkin,  London.    3s.  Gd. 

Engineering.     Aid    book    to   enterprise 

abroad.  Ewing  Matheson.  Loudon.  8vo. 
Spons,  12s.  Gd. 
Engineers.  Proceedings  of  .the  Association 
of  Municipal  aud  Sanitary and  Survey- 
ors. Edited  by  L.  Augel.  London.  Vol. 
3.    8vo.     Spons.     10s.  Gd. 

Explosives.     Guide  book  to  the ,\ct,  1875. 

For  the  use  ot  local  autliovities  and  their 
officers.  By  :Major  Majendie.  R.  .\.,  H.  M. 
Inspector  of  Explosives.  By  authority. 
Bound  in  leather,  320  pages  London. 
Knigltt  tC  Co,     2s. 
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Graphical  Statics.    Elements  of and  their 

application  to  Framed  Structures.  With 
numerous  practical  Examples  :  Cranes, 
Bridge,  Ronf  and  Suspension  Trusses  ; 
Braced  and  Stone  Arches  ;  Pivot  and  Draw 
Spans  ;  Continuous  Girders,  etc  ;  together 
with  the  best  methods  of  calculation,  and 
containing  also  new  and  iiractical  formulse 
for  the  Pivot  or  Draw  -span.  Braced  Arch, 
Continuous  Girder,  &c.  2  volumes,  8  vo;  1 
vol.  text  and  1  vol.  plates— '2d  ed.  Prof.  A. 
Jay  DuBois,  Professor  of  Engineering  in 
Sheffield  Scientific  School — late  Professor  at 
Lehigh  University.  New  York.  Wiley  tt 
Sons.     $5.00. 

Guide.  The  Pacific  tourist,  illustrated  trans- 
continental   of  travel  from  the  Atlantic 

to  the  Pacific  Ocean.  1878.  New  York. 
4to.     H.  T.  Williams.     $1.50. 

Iron  and  Steel.  The  calculations  of  strength 
and  dimensions  of  iron  and  steel  construc- 
tions ;  with  reference  to  the  latest  experi- 
ments. By  Prof.  J.  J.  Wey ranch,  of  Poly- 
tachuic  Institute  of  Stuttgart.  Translated 
by  Prof.  H.  Jay  DuBois.  The  only  author- 
ized translation.  In  1  vol.  New  York.  8vo, 
plates.     Wiley  c£-  Sons.    $1.50. 

Indian  Population — How  shall  we  treat  the 
red  man?  Lieut.  E.  O.  Otis,  U.  S.  Army. 
New  York.     r2mo.     Sheldon.     $1.50. 

Irrigation.      Facts    and    Fallacies    regarding 

as  a  Prevention  of  Famine   in    India. 

John  Dacosta.  London.  8vo.  W.  H.  Allen. 
Cd. 

Mechanics.     Principles    of    Elementary 

designed  to  give  more  attention  to  the 
fundamental  ijrinciples  of  mechanics.  De- 
Volson  Wood,  Prof,  of  Mathematics  and 
Mechanics  in  Stevens  Institute.  New  York. 
12mo,  illus  ,  cloth,  150  pp.  Wiley  &  Sons. 
$2.00. 

Military  Enginee  ing.  Instructions  in  —  — . 
Vol.  I,  part  i.  Military  Mining,  compiled  at 
the  School  of  Military  Engineering,  Chat- 
ham. 2d  ed.  Post  8vo.  British  Govern- 
ment Publication.     Is.  6d. 

Mineralogy,  A  Text-Book  of ,  Based  upon 

the  System  of  Mineralogy  by  J.  D.  Dana. 
Embracing  an  extended  treatise  on  Crystal- 
ograjjhy  and  Physical  Mineralogy,  By  E.  S. 
Dana,  Curator  of  Mineralo  y,  Y'ale  College. 
With  upwards  of  HOO  woodcuts,  and  one 
colored  plate.  New  York.  Svo,  cloth.  2a  Ed. 
Wilei/  &  Sons.     $5.00. 

,  A  Manual  of  Detirminative  and 

Blow  Pipe  Analysis,  byGeorge  Jarvis  Brush, 
of  Sheffield  Scientific  School.  New  York. 
Svo.     -.id  Ed.      Wiley  &  Sons.     $ti.OO. 

,  A  new  revision  of  the  above,  with  New 

Notation,  conforming  with  Dana's  Text 
Book  on  Mineralogy.  Wiley  &  Sons.  (An- 
nouncement.) 

Modern  Countries,    Resources   of . 

Alex.  J.Wilson.     2  vols.  8vo.  Scribner,  Wel- 
ford  k  Armstrong.     $12.00 
Navy,  Records  of  Living  Officers  of  the  United 

States and  Marine  Corps.   Coinp.  from 

official  sources.  Lewis  R.  Hamersly.  Phil- 
adelphia. :id  ed.  rev.  8vo.  Lippincolt.  $5.00. 

,   The   Gun,    ivam,   and  Toi'x^edo  ;  or. 

Manoeuvres  and  Tactics  of  a  Naval  Battle  of 
the  Present  Day.  By  Com.  Gerard  Noel, 
R.  N..  the  Royal  Yacht.  London.  Crown, 
Svo,  illus.  Sinipkin.  8s.  Od. 
Painting.  Studio,  Field  and  Gallery,  A  Man- 
ual of ,  for  the  .Student  and  Amateur, 

with  information  for  the  general  reader. 
Horace  J.  Rollin.  New  York.  12mo. 
Appklon.     $1.50. 


Pennsylvania  Rail  Koad.     History  of  the 

,     Republished  from  the  London 

Engineering.  220  pp.  of  text.  (iO  illustra- 
tions, more  than  100  tables.  79  plates,  in- 
cluding about  '.'5  double  page  plates.  1  vol. 
folio,  450  pp.  Half  morocco.  Sold  by  sub- 
scription. Wiley  &L  Sons.  Previous  to  is- 
sue, $15.00  ;  after  issue,  $20.00. 

Perspective,  Second  Grade (Theory  and 

Practice).  Specially  prepared  for  the  use 
of  Art  Students.  H.  J.  Dennis.  London. 
4to.     Bailliere.     2s.  (id. 

Pocket  Book  of  Useful  FormuUe  and  Memo- 
randa for  Civil  and  Mechanical  Engineers, 
with  a  valuable  contribution  on  Telegraphs 
by  R.  S.  Brough  and  Paget  Higgs.  G.  L. 
Molnsworth.  London,  liimo.  19th  Ed. 
Spons.    (Is. 

Railway  Manual,  Bradshaw's ,  Share- 
holder's Guide,  and  Official  Directory  for 
1878.   London.   Post8vo.    W.J.Adams.  12s. 

Sanitary  Engineering  Wholesome  Houses  : 
Being  an  Exposition  of  the  Banner  System 
of  Sanitation.  25th  ed.  Ed.  G.  Banner. 
London.  12mo.  illus,  Crosby,  Lockwood  & 
Co.     Is. 

.      Practical   Information   as   to 

the  Law  relating  to  the  Removal  of  Nui- 
sances and  Public  Health.  London.  Knight 
&  Co.     Is. 

Science  Lectures  at  South  Kensington,  Vol. 
I.  ByCapt.  Abney,  R.E,,  F.R.S.;  Profe.ssor 
Stokes,  Professor  Alexander  B.  W.  Ken- 
nedy, C.E. ;  F.  J.  Bramwell,  Esq..  C  E., 
F.R.S.;  Professor  F.  Forbes,  H.  C.  Sorby, 
F.R.S.,  J.  T.  Bottomley.  M.A.,  F.R.S. ;  Sid- 
ney H.  Vines,  B  A.,  B.Sc;  Professor  Carey 
Foster.  New  York.  12mo.  Macmillan.i^l.lS. 

Sea  Terms,   Fi-ench  and   Phrases. 

By  Lieut.  Pornain,  French  Navy.  London. 
Svo.     Sinipkin.     4s. 

Steam  Engine.     The  Theory  of  the 

Trans,  from  the  4th  ed.  of  Weisbach's  Me- 
chanics, by  Prof.  A.  Jay  DuBois.  With  an 
AppeT-dix  of  Practical  Exanii^les  of  Station- 
ary, Marine  and  Locomotive  Engines,  show- 
ing American  practice,  by  R.  H.  Buel.  New 
York.     Svo,  illus.     Wiley  &  Sons.     $().nO. 

Sinp'e    and    Compound    Engines. 

Their  Relative  Merits,  by  Niel  Macdougall, 
Esq.,  Admiralty,  London.  Second  Edit., 
demy  Svo,  ills.     3s.  6d. 

Statistical    Tables.     Hubner's  Universal  

containing  Area  in  .sqiiare  miles ;  Forms 

of  Government  ;  Head  of  ditto  ;  Population; 
Expenditure  ;  National  Debt;  Paper  Money; 
Notes  in  Circulation  ;  .Standing  Army  ; 
Navy  ;  Merchant  Vessels  ;  Imports  ;  Ex- 
ports ;  Chief  Native  Produce  ;  Monej', 
Weights,  and  Measures  ;  Chief  Towns  and 
Seaports  ;  Population  of  Cities  of  all  Coun- 
tries in  the  World.  1  sheet  imperial.  Lon- 
don.    Trubner.     Is.  9d. 

Trades  Unionism     —  and  its  Results. 

Five  Letters  in  the  Times,  with  some  addi- 
tions, by  Sir  Edmund  Beckett.  London. 
Crown  Svo.    Crosby,  Lockwood  k  Co.    6d. 

Tree  Culturi.st.     Fuller's  Forest . 

The  Cultivation  of  Forest  Trees  for  Shade, 
for  Shelter,  for  Fuel,  for  Timber,  and  for 
Profit.  lUns.  NewYork.  Am.  A'ewsCo.  $1.00. 

Elliott's  Lawn  and  Shade  Trees. 

For  Planting  Parks.  Gardens,  Cemeteries, 
Private  Grounds  and  Avenues.  Fully  illus- 
trated and  described.  New  York.  Am. 
JS'eivs  Co.     $1.00. 

Tunnelling.  Explosive  Compounds  and  Rock 
Drills.  Giving  the  details  of  Practical  Tun- 
nel Work.     Properties  of  Modern  Explo- 
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sives.  Principles  of  Blasting,  and  Descrip- 
tions and  Use  of  the  various  Rock  Drills  and 
OonjprcEsors,  together  with  American  and 
Foreign  Systems  of  Arching,  and  Tables; 
showing  Cost  and  Dimensions  of  over  170n 
Tunnels  from  every  part  of  the  world,  and 
Profiles.  Majis,  and  over  1000  illustrations, 
by  Henry  S.  Drinker.  Mining  and  Civil  Kngi- 
neer.  New  York.  4to.  TlV/ei/  4:  Sontt.  Sold 
only  by  subscription.  Price,  previous  to 
issue,  $15.00  ;  subsequent  to  issue,  $20.00. 

Ventilation      .\Treatiseon  ■. Comprising 

lectures  delivered  before  the  Franklin  Insti- 
tute, showing  the  great  want  of  improved 
methods  of  Ventilation  in  our  buildings, 
giving  the  Chemical  and  Physiological  pro- 
cess of  Respiration,  comparing  tue  effects 
of  the  various  methods  of  heating  audlight- 
ing  upon  ventilation,  etc.  Illustrated  by 
many  plans  of  all  classes  of  public  and  pri- 


v<ate  buildings,  showing  their  present  de- 
fects, and  the  best  means  of  improving 
them,  by  L.  W.  Leeds.  New  York.  New  ed. 
1  vol.  8vo.  illus.  plates.  iFiley  &  Sons. 
$2..5n. 

Vision.  On  defects  of  which  ai'e  re- 
mediable by  optical  appliances.  A  course 
of  lectures  delivered  at  the  Royal  College  of 
Surgeons  of  England.  Robt.  Brudenell 
Carter.  London.  8vo.  Macmillan,  iVew 
York.     $2.50. 

Water  Supply  of  Cities  and  Towns.  A  Com- 
prehensive Treatise  on  the 

With  numerous  specifi- 
cations of  existino^  water  works.  William 
Humber.  London.  1st  American  edition, 
4to,  illus.,  and  50  double  plates.  Geo.  H. 
Frnst  (Enfiinfering  Ne.ius)  Chicago.  Issued 
in  12  parts.  For  each  part,  Sl-25  ;  for  12 
parts,  $10.00. 


ADDITIONS   TO 


LIBRARY     AND     MUSEUM. 


From    Administration     des     Ponts     et 
Chaussees,  Paris  : 
Aunales  des  Ponts  et  Chaussees,  March,  1878. 
From  Argentine  Scientific  Society,  Bue- 
nos Ay  res: 
.\nnals  of  the  Society,  February  and  March, 
1878. 

From  Austrian  Society  of  Engineers  and 
Architects,  Vienna: 
Transactions  of  the   Societv,  Parts  3  and  4, 
1878. 

From  Theodore  Belpaire,  Paris : 
Tables  permettant  d'effectner  rapidement  les 
calculs  relatifs  ;l  la  stabilite  des  voiites. 
Theodore  Belpaire,  Paris. 
Essai  d'une  Theorie  des  Voutes  en  bei'ceau, 
en  arc  de  cercle  et  en  plein  centre.  Theo. 
Belpaire,  Paris. 

From  Boston  Public  Library : 
The  Bulletin  of  the  Library,  No.  45.     April, 
1878. 

From  the  Buffalo  Board  of  Water  Com- 
missioners: 
Ninth    Annual   Report    of   the  Buffalo   City 
Water  Works  for  1877.     Buffalo. 

From   the  Engineers'    Club    of  Phila- 
delphia: 
Report  of  the  Committee  of  the  Club  on  the 
Metric   System  of  Weights   and  Measures. 
Philadelphia.  1878. 

From  the  Hanover  Society  of  Engineers 
and  .\^rchitects: 
Transactions  of  the   Society,    Part   2,  1878. 
Hanover,  1878. 

From  D.  Farrand  Henry,  Detroit,  Mich- 
igan : 
The  26th  Annual  Report  of  the  Board  of  Water 
(Commissioners.     Detroit.     (3  copies.) 
From  .\.  L.  Holley,  New  York: 
The  Strength  of  wrought  iron  as  effected  b.y 
it3  composition  and  by  its  reduction  in  roll- 
ing.    Philadelphia,  1878.     (10  copies.) 

From  the  Imperial  Russian  Polytechnic 
Society: 
Proceedings  and  Transactions  of  the  Society. 
Vol.  I.,  1878.     St.  Petersburgh. 


From  the  Institution  of  Civil  Engineers : 
Minutes  of  Proceedings  of  the  Society.     Vol. 
LI.     Session  1877-78,  Part  1.     London. 
From  John  B.  Jervis,  Rome.  N.  Y. : 
The  Future  of  the  Erie  Canal.     John  B.  Jer- 
vis.    1878. 

From   the   Ministry  of  Public   Works, 
Paris,  France: 
Year  Book  of  Public  Works   for  year  1878. 
Paris. 

From  E.  P.  North.  Xew  York : 
Salisbury  iron,  its  composition,  qualities,  and 

uses.     Salisbury,  Conn. 
Cieneral  Powder  and  Electric  Blasting  Appa- 
ratus.    May.  1878.     Lafliu  &  Rand  Powder 
Co.,  New  York: 

From  the  North  of  England  Institute  of 
Mechanical  and  Mining  Engineers: 
Transactions  of  the   Society,  November  and 
December,     1877.       Newcastle-upon-Tyue, 
1878. 

From  Charles  Paine,  Cleveland,  Ohio: 

Eighth  Annual  Report  of  the   President  and 

Directors  cf  the  Lake  Shore  and  Mi  liisran 

Southern  Railway.     1877.     Cleveland,  1878. 

From  Ernest  Pontzen.  Paris,  France: 

Etude  sur  I'Exploitation  des  Chemins  de  fer 

par  I'Etat.     M.  F.  Jacquien.  Pans. 
Der   Lnpkower  Tunnel  der  Evsten  uugarisch 
galizischen    Eizenbahn.      Rudolph    R.    V. 
Guuesch,  Vienna. 

From  Levi  W.  Post.  Jersey  City: 
Annual  Report  of  the  Chief  Engineer  of  the 
Board  of  Public  Works  of  Jersey  Citv.     De- 
cember 31,   1877.      New  I'ork,   1878.      (10 
copies.) 

From  the  Railroad  and  Warehouse  Com- 
mission of  Illinois: 
Seventh  Annual  Report.     Springfield,  HI. 

From  Hon.  Saml.  J.  Randall: 
Congressional  Record.  45th  Congress,  2d  Ses- 
sion,    April  21st,  1878,     Washington. 

From  I.  W.  Smith.  Sacramento,  Cal. : 
Report  of  the  Board  of  Transportation  Com- 
missioners to  the  Legislature  of  California, 
December,  1877. 
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Explanation  of  Tables,  &c..  Supplementary 
Report  of  Board  of  Transportation  Com- 
missioners of  California,  January  14th, 
1878. 
Blanks  for  years  187G  and  1877  for  reports  of 
railroads  to  Board  of  Trausiiortation  Com- 
missioners of  California. 
Leaislative  Acts  in  relation  to  Railroads  of 
California.    1878. 

From  J.  Herbert  Shedd,  Boston: 
Report  in  relation  to  Sewerage  of  the  City  of 
Lynn,   and  a  report  of   the   Committee  on 
Drainage.     J.  Herbert  Shedd.    Lynn.  1877. 
From  the  Saxon  Society   of  Engineers 
and  Architects,  Leipsic: 
Transactions  of  the  Society.     1877. 

From  the  Technical  and  Administrative 
Military  Committee,  Vienna: 
Communications  upon  Artillery  and  Engineer- 
ing Operations.     '2d  part.     1878. 

From  the  Treasury  Department,  Wash- 
ington: 
Annual  Report  of  the  Light  House  Board  to 
the  Secretary  of  the  Treasury.     1877. 

From  R.  H.  Thurston,  Hoboken,  N.  .J.: 
Thermal    and    Mechanical  Properties   of  Air 
shown    by    lithographed   curves      due    to 
changes  of  temperature,  pi-essure  and  vol- 
ume.    R.  H.  Thurston.     1877. 


Abstract  of  Statement  of  the  extent  and  char- 
acter of  the  work  of  the  United  States  Board 
appointed  to  test  Iron,  Steel,  and  other 
Metals.     R.H.  Thurston.     Salem.  Mass. 

On  a  upw  method  of  planning  researches,  and 
of  representing  to  the  eye  the  results  of 
combination  of  three  or  more  elements  i:i 
varying  i^roportions.  R.  H.  Thurston.  Sa- 
lem, Mass. 

The  Growth  of  the  Steam  Engine.  R.  H. 
Thurston,  New  York,  1878. 

From  S  Whipple,  Albany,  N.  Y. : 

An  investigation  as  to  the  mode  and  amount 
of  attraction  between  large  and  small 
bodies  in  contact  or  at  small  distances.  S. 
Whipple.  Albany,  N.  Y.,  1877.  (several 
copies.) 

From  H.  M.  Wightmari,  Boston: 

Annual  Report  of  the  City  Engineer  of  Bos- 
ton for  the  year  1877. 

From  W.  W.  Wilson.  Yonkers,  N.  Y.: 

Fifth  Annual  Rejiort  of  the  Hoard  of  Water 
Commissioners  of  the  City  of  Yonkers.  1877. 
From  David  Williams,  New  York: 

The  Metallurgical  Review.     Vol.  I. 

From  A.  F.Wrotnowski,  New  Orleans,  La. : 

Report  of  the  Board  of  State  Engineers  of 
Louisiana  for  the  year  IHIG.  New  Orleans, 
1878. 


ANNOUNCEMENTS. 


The  Tenth  Annual  Convention  of  the 
Society  will  be  held  at  Boston,  beginning 
Tuesday,  June  18th,  1878. 

Sessions  for  the  consideration  of  profes- 
sional subjects,  and  one  for  the  transaction 
of  business  will  be  held. 

The  meetings  of  the  Convention  will  be 
held  in  the  Hall  of  the  Massachusetts  Insti- 
tute of  Technology,  on  Boylston  street,  which 
has  been  kindly  placed  at  the  disjiosal  of  the 
Society  for  this  purjjose. 

The  first  session  of  the  Convention  will  be 
at  10  A.  M.,  Tuesday,  June  18th,  and  for  that 
and  the  following  days  the  following  general 
programme  is  proposed  : 

Tuesday,  Junk  18th.— Sessions  at  10  a.  m., 
and  at  7^  p.  m.  During  the  afternoon,  by 
invitation  of  the  Boston  Society  of  Civil  En- 
gineers, an  excursion  will  be  made  by  rail  to 
Newton  Upper  Falls  (.\queduct  Bridge,  Bos- 
ton Waterworks),  thence  returning  to  the 
city  via  the  Chestnut  Hill  Reservoir  and  sub- 
urbs of  Boston. 

Wednesday,  June  19th. — Sessions  at  10 
A.  M.,  and  at  IS  p.  m.  Such  portion  of  the 
evening  session  as  may  be  determined  upon 
to  be  for  the  transaction  of  business.  During 
the  afternoon  several  excursions  to  places  of 
interest  about  the  City  of  Boston  will  be  made. 
Each  of  these  excursions  will  be  in  charge  of 
a  member  of  the  Local  Committee,  and  visi- 
tors will  elect  which  one  to  join. 


Thubsd.\t,  June  20th. — By  invitation  of  the 
Boston  Board  of  Trade,  an  examination  of  the 
upper  harbor  of  Boston  and  its  imi»ovements, 
and  an  excursion  down  the  harbor.  Conven- 
tion dinner  in  the  evening,  at  the  Hotel 
Brunswick. 

Feiday,  June  21st. — By  train  to  Lowell, 
and  examination  of  the  works  of  interest 
there.  Thence  to  Lawrence,  and,  after  visit- 
ing that  City,  return  to  Boston. 

By  invitation  of  Gen.  A.  P.  Rockwell,  Presi- 
dent of  the  Eastern   Railroad,  an  excursion 
will  be  made  over  that  road  to  North  Conway, 
and  thence  by  the   Portland  &  Ogdensburg 
Railroad  to  the  Incline  at  Mount  Washington. 
The  following  is  a  list  of  topics  to  be  con- 
sidered with  reference  to  papers    published 
in  Transactions  during  the  preceeding  year  : 
Bridges. 
CXL.  Approximate  determination  of  stresses 
in  the  Eye-Bar  Head.    William  H.  Bukr. 
CXLIV  and   CXLIX.      Relative    quantities 
of  material  in  bridges  of  difterent  kinds, 
of  various  heights.     Charles  E.  E.meby. 
CXLVII.  Proportion  of  Eye-Bar  Heads  and 
Pius  as   determined  by  experiment.     C. 
Shaler  S.mith. 
CLVI.  A  new  method  of  detecting  overstrain 
in  iron  and  other  metals,  and  its  applica- 
tion in  the  investigation  of  the   causes  ot 
accidents  to  bridges  and  other  construc- 
tions.   Robert  H.  Thurston. 
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Boir.ERS, 

CXLI.  Connocted-Arc  Marine  Boilers,  a  de- 
inoustratiou  of  the  ijrinciples  of  their 
constructiou.     Charles  li.  Emeby. 

Discnssiou  on  above  paper.    J.  Fostkr 

Klagc.     Vol.  VX.,  page  2'J-l. 

Cl-.MENTS. 

CTill.  Notes  and   Experimeuts   on  the  use 
and  testing  of  Portland  Cement.  William 
W.  Maclay. 
Dams. 

CXLVIII.  Wing  Dams  in  the   Mississippi 
above  the  Falls  of  St.  Anthony.    Edward 
P.  North. 
Hydraulics. 

CXXXIX.  The  Cousnmptiou  and  Waste  of 
Water  delivered  by  Public  Works.  James 
H.  Harlow. 

CXLV.  The  flow  of  water  in  open  channels. 
Theodore  G.  Ellis. 

CLIV.  A  peculiar  case  of  failure  in  a  water 
luain.     D.  McN.  Stauffer. 

—  Discussion  on  above  paper.  Yol.VII,  p.  1.5. 
Masonry. 

CLI.  Nomenclature  of  Building  stones  and 
stone  Masonry.     J.  James  R.  Croes,  Wil- 
liam  E.   Merrill  and  Edgar    B.    Van 
Winkle. 
Mines  and  Blasting. 

CXLII.  On  the  simultaneous  ignition  of 
thousands  of  mines  and  the  mo.st  advan- 
tageous grouping  of  fuses.  Julius  H. 
Striedinger. 

CLIII.    On    igniting    blasts  by    means    of 
electricity.     Julius  H.  Striedinger. 
Preservation  of  Timber. 

Discussion  on   this  subject.      Vol.  VI, 

page  189. 
Railroads. 

CLVIII.  Construction  and  operation  of  the 
Incline  Plane  Railroad   at  Madison,  Ind. 
M.  J.  Becker. 
Rivers  and  Harbors. 

CXLIII.  Improvement  of  Entrance  to  Gal- 
veston Harbor.     Charles  W.  Howell. 

CLV.  The  Improvement  of  the  South  Bos- 
ton Flats.     Edwaud  S.  Philbrick. 

Discussion  on  Levees  as  a   system  for 

reclaiming  low  lands.    J.  Foster  Flagg. 
Vol.  VI,  page  305. 
Steam  Engines. 

CLVII.  Steam  engine  economy.     A  uniform 
basis  for  comparison.  Charles  E.  Emery. 
Surveys. 

CXXXVIII.  C-'-ordinate  Surveying.  Henry 
v.  Walling. 

CXLVI.  A  novel  railroad  survey.  Thomas 
S.  Habdee. 

XDL.  Description  of  survey  for  determining 
the  slope  of  water  surface  in  the  Erie 
Canal.    William  H.  Searles. 


In  addition  to  the  above  papers,  it  i8  ex- 
pected tliat  the  following  subjects  will  be  pre- 
sented by  papers  printed  previous  to  the  date 
of  the  Convention,  or  read  at  its  meeting  : 

Dams  across  Water  Courses.  William  J. 
Mc  Alpine. 

The  rain  fall  during  a  storm  in  October. 
1861).     Jamis  B.  P'rancis. 

The  law  of  Tidal  Currents.  J.  II.  Stried- 
inger. 

The  South  Pass  Jetties  ;  descriptive  and 
incidental  notes  and  memoranda.  E.  L. 
Corthell. 

Discussion  on  the  preceding  paper.  Charles 
W.  Howell. 

Reminiscences  and  experiences  of  early  en- 
gineering oijeratious  on  railroads,  with 
especial  reference  to  steep  inclines. 

No.  1,  W.  Milnor  Roberts. 
No.  2,  AVilliam  J.  McAlpine. 

Resistances  on  Railway  Curves.  S.Whinert. 

Notes  on  the  papers  in  reference  to  Incline 
Planes  and  Resistances  on  Railway  Curves. 
—Octave  Chanute. 

Agricultural  Drainage.  Ed.  N.  Kikk  Tal- 
cott. 

A  graphic  method  of  representing  railroad 
accounts.    Charles  Latimer. 

Science,  old  and  new.  Its  relation  to  Engi- 
neering.    W.  Milnor  Roberts. 

The  Mississippi  River. — B.  M.  Harrod. 

Brick  Arches  for  Large  Sewers.    R.  Hering. 

Improvement  of  Galveston  Harbor  {2d  Pa- 
per).    Charles  W.  Howell. 

The  Flow  of  Water  in  Pipes.  Charles  G. 
Dabrach. 

The  proper  arrangement  ilnd  ventilation  of 
house  drains.     Charles  E.  Fowler. 

On  a  newly  discovered  relation  between  the 
tenacity  of  metals  and  their  resistance  to 
torsion,     i;.  H.  Thurston. 

On  Gauging  Streams.    Clemens  Herschel. 

Members  of  the  Society  are  earnestly  re- 
quested to  furnish  information  or  memoranda 
upon  any  of  the  subjects  referred  to.  They 
are  also  invited  and  expected  to  take  part  in 
the  discussions  either  in  person  or  by  send- 
ing to  the  Secretary  notes  for  presentation. 

In  either  case,  it  will  assist  the  Committee 
in  arranging  the  details  for  sessions  of  the 
Convention,  if  Members  expecting  to  take 
part  in  the  discussions  will  notify  the  Secre- 
tary at  once  to  that  effect. 

Reports  will  be  expected,  as  follows  : 

From  Committees  on  Gauging  of  Streams, 
J.  James  R.  Croes,  Chairmat  ;  Permanent 
Quarters  for  the  Society,  John  Bogart,  Chair- 
man ;  Resistances  of  Railway  Trains,  William 
P.  Shinn,  Chairman  :  Uniform  Accounts  and 
Returns  of  Railroad  Companies,  William  P. 
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Shinn,  Chairman  ;  Tests  of  American  Iron 
and  Steel,  W.  Sooy  Smith,  Chairman  ;  On 
Exhibit  at  the  Paris  Exposition,  Geo.  S.  Mori- 
son,  Chairman  ;  The  Centennial  Commission 
of  the  Society,  Theodore  G.  Ellis,  Chairman. 

Members  who  intend  to  be  present  at  the 
Convention  are  requested  to  immediately 
notify  the  Secretary  to  that  effect,  either  upon 
the  blanks  already  sent  out  or  otherwise. 

Transportation  for  Members  has  been  al- 
ready secured  over  many  lines,  and  it  is 
hoped  will  be  obtained  over  others.  Notice 
of  what  can  be  furnished  will  be  sent  to  Mem- 
bers expecting  to  visit  the  Convention. 

The  Boston  Society  of  Civil  Engineers  ;  the 
Engineers'  Club  of  the  Northwest,  of  Chicago; 
the  Engineers'  Club  of  St.  Louis  ;  the  En- 
gineers' Club  of  Philadelphia,  and  the  New 
Haven  Engineering  Society,  have  been  in- 
vited to  attend  the  Convention.  The  Local 
Committee  has  made  arrangements  for  Mem- 
bers at  reduced  rates  {S3. 50  per  day)  at  the 
Hotel  Brunswick,  on  Boylston  street,  which 
is  opposite  the  i^lace  of  meeting  of  the  Con- 
vention. 

Invitation  to  visit  the  works  of  interest  at 
and  in  the  vicinity  of  Fall  river  is  extended 
to  all  vis;tors  to  the  Convention,  by  Mr.  Wm. 
Kotch,  Chief  Engineer  of  the  Fall  River  Water 
■Works,  and  Member  of  the  Society.  Among 
these  works  are  an  iron  bridge  for  I'ailroad 
and  highway  over  the  Taunton  river  ;  the 
water  works  of  the  City,  and  some  of  the  forty 
cotton  mills,  which,  together,  contain  1  250  000 
spindles.  These  works  can  be  visited  either 
before  or  after  the  Convention. 

Arrangements  have  been  made  for  the  trip 
from  New  York  to  Bost'  n  and  return,  by 
Sound  steamers,  at  $3.00  the  round  trip,  not 
including  stateroom.  Most  of  the  members 
purpose  leaving  New  York  on  Monday  even- 
ing, June  17th. 

Notify  the  Secretary  at  once  if  you  desire  a 
berth  reserved  for  you  in  stateroom. 

DiscoEDANT  Standards  of  Mfasurement. 
— A  number  of  members  of  the  Society  desire 
to  obtain  for  publication,  statements  of  the 
vai'ious  discordant  standards  of  measure  in 
use  in  the  United  States.  It  is  known  that  in 
many  cities  the  old  standards  are  more  or 
less  at  variance  with  the  present,  and  that, 
quite  frequently,  confusion  and  annoyance 
are  the  result.  A  table,  compiled  from  the 
information  which  is  undoubtedly  in  the  pos- 
session of  members  of  the  Society,  would  be 
both  interesting  and  valuable.  The  request 
is,  therefore,  made,  that  any  information 
which  would  be  of  assistance  in  the  prepara- 
tion of  such  a  table  be  forwarded  to  the  Sec- 


retary. The  replies  should  state  the  equiv- 
alent of  the  measures  referred  to  in  U.  S. 
standard  feet  or  in  meters,  together  with  any 
additional  notes  which  may  be  applicable.  If 
provisional  equivalents,  afterwards  proving 
incorrect,  have  been  adopted,  the  value  of 
these  should  also  be  stated. 

In  the  Transactions  of  the  Society  of  En- 
gineers and  Architects  of  Hanover,  Vol.  XXIV., 
No.  2,  1878,  there  is  an  abstract  of  the  Paper 
by  John  T.  Fanning,  member  of  this  Society, 
entitled  "A  Water  Conduit  under  Pressure," 
which  was  ijubliahed  as  Paper  No.  CXXXVI., 
Transactions,  Vol.  VI.,  page  69,  March,  1877. 

Members  of  the  Society  who  expect  to  visit 
Eurojje  during  the  present  year,  are  request- 
ed to  inform  the  Secretary  as  soon  as  possible 
of  that  fact,  and  also  of  the  time  when  they 
purpose  leaving  and  the  probable  length  of 
their  stay  abroad,  together  with  their  Euro- 
pean address. 

Members  who  desire  to  secure  complete 
sets  of  the  Transactions  of  the  Society  are 
requested  to  send  to  the  Secretary  a  list  of 
the  papers  which  are  needed  to  fill  up  their 
sets.  Some  of  the  ei^rlier  papers  are  out  of 
print.  If  orders  are  received  for  a  sufficient 
number  to  warrant  the  expense,  a  rexsrint 
will  be  made. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society  and 
ordered  printed  regularly  in  the  Society  pub- 
lications : 

W'hereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad  ; 
and  whereas,  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
familiar  to  all,  by  comparison  : 

Besolved,  That  Members  be  requested,  in 
papers  hei'eafter  presented  to  the  Society  to 
write,  in  parenthesis,  weights  or  dimensions 
by  the  metric  system  in  connection  with  those 
of  the  system  in  general  use. 

•  The  House  of  the  Society  is  at  101  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  soiithwest  corner  of  Gram- 
ercy  Park.  It  is  opeu  from  nine  o'clock 
A.  M.  to  five  o'clock  p.  M.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  p.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  present,  be  opeu  every  Thursday 
evenivg,  froJii  7J  to  10  p.  M.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals  and  for 
conversation. 


LIST      ()  l<       iM  K  .M  1!  !•:  1<  S  . 


ADDITIONS. 
MKMP.K.KS. 


Oale  of  ElcLtioru 
FoRCK,  C.  G.,  Jr City  Civil    Knginccr's  Office,    Cleve- 
land, Ohio Feb.     6,     1878. 

Gkeenk,   B.  H Chief  Fngineer,  New  ( )rleans   Pacific 

Ry.,  New  Orleans,  La May     i,     1878. 


CHANGES    AND    CORRKCTIONS. 
MEMBERS. 

Dickinson,  P.  P 35  Coal  and  Iron  Lxchange,  New  York. 

Evans,  W.-vlton  W 66j4  Pine  Street,  New  York. 

CrREENE,  D.wiD  M Troy,  N.  Y. 

Lane,  Moses 1616  Grand  Ave.,  Milwaukee,  \Yis. 

Owen,  James Civil  Engineer,  748  Broad  Street,  Newark.  X.  J. 

JUNIORS. 

Macy,  Arthur 26  Cedar  Street,  New  York. 

Raymond,  Chari.ks  \Y Dept.  of  Dock?,  foot  of  Barrow  Street,  New  Yorl 

associate. 
Harris,  Charles  M •. .  .(Care  Am.  Soc,  Civil  Engs.),  New  York. 

fellow. 
Flint,  Charles  R 87  Wall  Street,  New  York. 


RESIGNED. 

Miller,   T-  Imhrik Member May    7,      1S78. 


Jin^ritan   %mtt\}  of  |;uil  f  nginccnK 


PFvOCEEDIISraS 


Vol.    IV,    April,    1878. 


MINUTES    OF    MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

Mat  1st,  1878.— The  Society  met  at  8  p.  m.  Past  President  William 
J.  Mo  Alpine  in  the  chair. 

The  Committee  on  the  Exhibit  at  Paris,  reported  progress. 

A  paper  entitled  ' '  Eeminiseences  and  experiences  of  early  engineering 
operations  on  railroads,  with  especial  reference  to  steep  inclines,"  by 
W.  INIilnor  Roberts,  was  read  by  the  Secretary.  This  paper  and  the  one 
read  at  last  meeting  upon  the  "Incline  at  Madison,  Indiana,"  were 
discussed  bv  Me.ssrs.  Bogart,  Chanute,  Emery,  Forney,  W.  J.  McAlpine, 
Xoi-th  and  W.  H.  Paine. 

The  ballot  upon  admission  to  membership  was  canvassed,  and  the 
following  were  declared  elected  as  Members  of  the  Society;  Benjamin 
H.  Greene,  of  New  Orleans,  La. ;  Samuel  L.  James,  of  New  Orleans, 
La. ;  and  George  B.  Nicholson,  of  Cincinnati,  O. 

May  15th,  1878.— The  Society  met  at  8  i'.  m.,  Vice-President  Roberts 
in  the  chair. 

A  paper  entitled  "  On  the  Theoretical  Resistances  of  Railroad  Curves," 
by  Samuel  Whineiy,  was  read  by  the  Secretary,  and  the  subject  discussed 
by  Messrs.  Crosby,  Emery,  C.  L.  McAlpine,  North,  W.  H.  Paine,  Searles 
and  Yardley.  The  discussion  being  unfinished,  was  adjourned  till  the 
next  meeting. 

JrxE  5th.  1878.— The  Society  met  at  8  p.  m.,  Vice-President  Roberts 
in  the  chair. 

Ballots  for  admission  to  Membership  were  canvassed,  and  the  follow- 
ing  were  declared  elected  : — 
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As  Members,  Williato  J.  NicoUs,  of  New  York,  and  Tliomas  Rodd,  of 
Pittsburgh,  Pa. 

As  Associate,  Edward  R.  Andrews,  of  Boston,  Mass. 
The  Secretary  reported  arrangements  in  progress  for  the  Tentli  An- 
nual Convention. 

Drawings  and  descriptions  of  a  bridge  erected  in  Holland  over  the 
HoUandsch  Diej),  presented  by  Mr.  Walton  W.  Evans,  were  laid  before 
the  Society. 

The  proposed  amendment  to  the  Constitution,  printed  at  page  28, 
Proceedings,  Vol.  IV,  ante,  was  offered  for  the  consideration  of  the 
Society,  by  Edward  P.  North,  and  seconded  by  M.  N.  Forney,  and  on 
motion,  it  was  ordered  printed  and  sent  out  before  the  meeting  of 
Convention. 

The  proposed  amendment  to  the  By-Laws,  printed  at  page  28,  Pro- 
ceedings Vol.  IV.,  ante,  was  presented  by  F.  CoUingwood,  on  whose 
motion,  seconded  by  Wilson  Crosby,  it  was  ordered  printed,  and 
sent  out,  with  the  announcement  that  it  would  be  moved  at  the  Conven- 
tion. 

The  discussion  on  the  subject  of  Resistances  on  Railway  Curves  was 
then  resumed,  and  continued  by  Messrs.  Chanute,  CoUingwood,  Emery, 
A.  Fink,  Forney,  North,  W.  H.  Paine,  Searles  and  Worthen. 

June  19th,  1878. — Business  meeting  at  the  10th  Annual  Convention 
in  Boston.  The  Society  met  at  8  J  p.  M.,  in  business  session,  Vice- 
President  Roberts  in  the  cdiair. 

The  proposed  amendment  to  the  Constitution,  printed  at  page  28,. 
Proceedings,  Vol.  IV.,  ante,  was  discussed  by  Messrs.  North,  J.  D. 
Steele,  Bogart,  George  S.  Greene,  Herschel,  Philbrick,  Holley,  Flagg, 
Croes,  Joseph  P.  Davis,  Latimer,  Colling-\vood  and  Emery. 

This  amendment,  under  the  rule,  will  be  again  presented  at  the  next 
annual  meeting. 

The  proposed  amendment  to  the  By-Laws,  printed  at  page  28,  Pro- 
ceedings, Vol.  IV.,  ante,  Avas  then  j)resented,  and  discussed  by  Messrs. 
CoUingwood,  Croes,  George  S.  Greene,  Bogart,  Morison,  Philbrick, 
Brooks  and  Holley. 

The  amendment  was  then  withdrawn,  and  the  following  resolution, 
offered  by  J.  J.  R.  Croes,  and  seconded  by  F.  CoUingwood,  was 
I)assed. : 

Resolved,  That  a  committee  of  three  be  appointed  by  the  presiding 
officer  to  examine  into  the  methods  of  election  of  officers  adopted  by 
various  clubs  and  societies,  and  report  to  the  Society  a  By-Law  embody- 
ing such  features  of  the  various  plans  as  may  seem  best  adapted  for  this 
Society. 

Under  this  resolution  the  following  committee  was  appointed  : 
J.  J.  R.  Croes,  E.  S.  Philbrick  and  F.  CoUingwood. 
The  business  meeting  of  the  Society  then  adjourned,  and  the  session 
of  the  Convention  was  resumed. 
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Tenth  Annual  Convention  of  the  .Society. 

FiKST  Session.— The  Tenth  Annual  Convention  was  hehl  at  liu.slou 
T>eginuing  Tuesday,  June  If^th,  1878.  The  Society  met  at  the  Hall  of 
th(!  Massachusetts  Institute  of  Technology,  Boylston  street,  which  had 
been  kindly  offered  for  its  use.  The  secretary,  John  Bogart,  called 
the   Convention  to   order  at   10  a.  m.,  and  stated   that  the  President, 

E.  S.  Chesbrough  had  fully  expected  to  be  present  but  that  a  pressure 
of  public  duties  in  Chicago  made  his  absence  from  that  city  imi)ossible 
at  this  time,  to  his  great  regret.  Under  these  circumstances  it  w^onld 
devolve  upon  the  Senior  Vice-President,  W.  Milnor  Kobert"fe,  to  open 
the  Convention,  after  a  record  of  the  members  present  had  been  ob- 
tained. 

The  roll  was  then  called  and  the  following  members  and  guests  were 
found  in  attendance  : 

Members  of  the  Society— S.  T.  Abert,  Washington,  D.  C. ;  C.  F. 
Allen,  E.  E.  Andrews,  F.  W.  Bacon,  F.  Brooks,  E.  W.  Bowditcli,  Bos- 
ton ;  W.  S.  Barbour,  Cambridgeport  ;  A..  D.  Briggs,  Springfield  ;  H. 
Bissell,  Salem,  Mass.;  J.  W.  Bacon,  Danbury,  Conn.;  W.  D.  Bullock, 
Pawtucket,  E.  I. ;  John  Bogart,  New  York  ;  P.  Barnes,  Plainfield,  N. 
J.;  C.  E.  Billin,  G.  Burnham,  Jr.,  Philadelphia;  A.  Bonzano,  PhcBuix- 
ville,  Pa. ;  D.  W.  Cunningham,  Boston  ;  I.  E.  Clark,  Cambridge,  J.  G. 
Chase,  Cambridgeport ;  O.  E.  Cushing,  Lowell ;  W.  E.  Curtis,  Eockland, 
Mass. ;  J.  P.  Cotton,  Newport,  E.  I. ;  F.  Collingwood,  J.  J.  E.  Croes, 
New  York  ;  M.  Coiyell,  Lambertville,  N.  J. ;  T.  C.  Clarke,  Philadelphia  ; 

F.  W.  Clarke,  Chicago ;  W.  B.  Cogswell,  Mine  La  Motte,  Mo. ;  E.  L. 
Corthell,  New  Orleans  ;  J.  P.  Davis,  Boston  ;  C.  G.  Darrach,  Philadel- 
phia ;  E.  A.  Doane,  Meadeville,  Pa. ;  S.  C.  Ellis,  Boston  ;  J.  E.  Early, 
CoUege  Hill ;  C.  D.  Elliott,  Somerville,  Mass. ;  T.  G.  Ellis,  Hartford  ; 
M.,  T.  Endicott,  New  London,  Conn. ;  C.  E.  Emery,  New  York  ;  E. 
Fletcher,  Hanover ;  J.  T.  Fanning,  Manchester,  N.  H. ;  E.  A.  Flint, 
A.  Fteley,  Boston  ;  J.  B.  Francis,  Lowell,  Mass. ;  C.  Fisher,  Trenton, 
N.  J. ;    J.   F.   Flagg,    Meadville,    Pa. ;     E.    Fink,    Alexandria,  Ya. ;    C. 

G.  Force,  Cleveland,  O. ;  S.  M.  Gray,  Providence,  E.  I. ;  J.  P.  Gould, 
Eondout,  N.  Y. ;  G.  S.  Greene,  G.  S.  Greene,  Jr.,  New  York;  G.  C. 
Gardner,  Altoona,  Pa. ;  P.  Golay,  Cincinnati,  O. ;  W.  A.  Haven,  Brat- 
tlelwro,  Vt. ;  A.  S.  Hardy,  Hanover,  N.  H. ;  C.  Herschel,  Boston  ;  J.  H. 
Harlow,  Lowell,  Mass. ;  A.  B.  Hill,  New  Haven,  Conn. ;  W.  G.  Hamilton, 
A.  L.  Holley,  New  York  ;  E.  Hering,  Philadelphia  ;  J.W.  Hill,  Hamilton, 
O. ;  M.  Hjortsberg,  Chicago  ;  T.  S.  Hardee,  New  Orleans  ;  G.  A.  Kim- 
ball, Someiwille,  Mass.;  G.  O.  Knapp,  Hartford,  Conn.;  W.  E.  KeUey, 
NeAV  Brunswick,  N.  J. ;  L.  H.  Knapp,  Buffalo,  N.  Y. ;  John  Kennedy, 
Montreal ;  J.  C.  Kennedy,  Ontario,  Canada  ;  C.  Latimer,  Cleveland,  O. ; 
W.  H.  Lotz,  Chicago  ;  M.  Lane,  Milwaukee  ;  G.  P.  Low,  Jr. ,  Boston  ; 
E.  D.  Leavitt,  Jr.,  Cambridgeport,  Mass.;  D.  J.  Lucas,  Wan-en,  Pa. ;  T. 
L).  Lovett,  Win  ton  Place,  Ohio  ;  A.  Macy,  Geo.  S.  Morison,  New  York  ; 
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C.  C.  Martin,  Brooklyn;  D.  N.  Melvin,  Staten  Island,  X.  Y.;  H.  G. 
Morris,  Philadelphia ;  D.  E.  McComb,  Washington  ;  B.  F.  Morse,  Cleve- 
land, O. ;  G.  H.  Norman,  Boston  ;  E.  P.  North,  New  York ;  J.  O.  Os- 
good, Milton,  Mass. ;  L.  F.  Obiey,  Buffalo,  N.  Y. ;  E.  S.  Philbrick,  Bos- 
ton ;  L.  W.  Post,  Jersey  City  ;  P.  A.  Peterson,  Montreal ;  W.  Rotch, 
Fall  River,  Mass. ;  W.  Milnor  Roberts,  New  York  ;  R.  L.  Read,  Cincin- 
nati, O. ;  W.  H.  Searles,  New  York  ;  A.  Spielman,  Hoboken,  N.  J. ;  D. 
McN.  Btauffer,  Philadelphia  ;  J.  D.  Steele,  Pottstown  ;  W.  P.  Shinn,  Pitts- 
burgh, Pa. ;  E.  T.  Scovill,  Cleveland,  O. ;  R.  H.  Thurston,  Hoboken, 
N.  J. ;  E.  N.  K.  Talcott,  Morgan  Park,  111. ;  J.  Veazie,  H.  W.  Wightman, 
H.  F.  Walling.  W.  H.  White,  F.  O.  Whitney,  Boston  ;  J.  Whitney. 
Cambridge  ;  N.  H.  Whitten,  Holyoke,  Mass. ;  F.  W.  Whitlock,  W.  H. 
Wiley,  New  York  ;  De  Y.  Wood,  Hoboken,  N.  J. ;  Geo.  Y.  Wisner,  De- 
troit ;  T.  J.  Whitman,  St.  Louis. 

Visiting  Engineers. — E.  Api^leton,  T.  Appleton,  C.  D.  Austin,  D. 
Brackett,  F.  H.  Barrett,  W.  H.  Bradley,  G.  W.  Blodgett,  J,  E.  Cheney, 
J.  R.  Carr,  Jr.,  Jos.  H.  Curtis,  Geo.  H.  Crafts,  E.  C.  Clarke,  F.  L.  Fu'l- 
ler,  F.  D.  Fisher,  D.  Fitzgerald,  O.  Hodges,  E.  W.  Howe,  C.  W.  Ket- 
teU,  W.  H.  Lemon,  W.  F.  Learned.  C.  W.  Lunt,  F.  A.  May,  J.  D. 
Mason,  H.  Mauley,  G.  S.  Rice,  L.  F.  Rice,  R.  H.  Richards,  W.  Shepard, 
F.  C.  Tucker,  I.  S.  P.  Weeks,  C.  Whitaker,  Boston  ;  C.  W.  Folsom, 
Cambridge  ;  Geo.  R.  Hardy,  Springfield  ;*  C.  Pfeifer,  F.  H.  Pond,  Chas. 
A.  Smith,  St.  Louis  ;t  T.  C.  Bradley,  Geo.  H.  Frost,  A.  Wolcott, 
Chicago ;J  C.  A.  Ashburner,  W.  Burnham,  G.  R.  Buckman,  C.  Constable, 
W.  A.  Cooper,  G.  H.  Christian,  J.  B.  Knight,  H.  C.  Lewis.  T.  J.  Lewis. 
W.  Lewis,  A.  E.  Lehman,  T.  C.  McCoUom,  L.  C.  Madeira,  J.  T.  Morris, 
P.  Roberts,  Jr.,  C.  Sellers,  Jr.,  H.  Sellers,  F.  W.  Taylor,  Philadelphia;  f 
J.  P.  Henck,  A.  G.  Hills,  A.  P.  Rockwell,  Boston;  A.  W.  Hunking, 
Lowell;  D.  H.  Johnson,  Salem,  Mass.;  C.  A.  Ferry,  New  Haven,  Conn.; 
W.  H.  McFadden,  W.  M.  McFadden,  Philadelphia;  R.  H.  Soule, 
Altoona,  Pa. ;  J.  P.  Rockwell,  Denison,  Texas. 

Vice-President  Roberts  then  made  an  introductory  address,  ||  and  an- 
nounced that  in  accordance  with  the  rules,  a  presiding  officer  would  be 
chosen  by  the  Convention. 

Edward  S.  Philbrick,  of  Boston,  was  chosen  to  preside  at  the 
Convention,  and  John  Bogart  to  act  as  Secretary. 

In  taking  the  chair,  Mr.  Philbrick  said: 

I  thank  you  for  the  unexpected  honor  which  you  have  confeiTed  uj^on 
me  this  morning;  and  before  calling  your  attention  to  the  business  in 
hand,  I  can  only  say,  that  when  the  circular  was  first  sent  to  me  hj  your 
secretary,  asking  me  to  vote  Avhere  the  Convention  should  meet,  I  did 
not  vote  for  Boston,  because  I  felt  a  degree  of  diffidence — that  we  might 

*  Members  Boston  Society  Civil  Engineers.  t  Members  Engineers'  Club  of  St.  Louis 
+  Members  Engineers'  Club  ef  the  North  West.  §  Members  Engineers'  Club  of  Philadelphia, 
II  This  address  will  be  hereaftei  published. 
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not  be  able  to  present  to  the  Society  those  objects  of  interest  which  have 
been  jiresented  to  us  in  other  cities.  But,  as  the  Society  has  done  us 
the  honor  to  come  here,  I  can  certainly  extend  to  you  the  hand  of  fellow- 
shiji,  which  is  about  all  we  can  do,  and  give  you  a  most  hearty  welcome 
to  the  old  City  of  Massachusetts.  There  is  not  much  that  we  can  do  in 
the  way  of  professional  entertainment.  We  hope  to  spend  a  few  after- 
noons in  seeing  some  of  the  objects  most  worthy  of  interest  in  the  neigh- 
borhood of  Boston  and  the  cities  of  Lowell  and  Lawrence,  which  arc^ 
among  the  great  manufacturing  centres  of  New  England,  and  which 
have  been  rather  typical  cities  in  that  respect,  being  prominent  in  intro- 
ducing the  cotton  manufacture  into  the  United  States,  and  buikling  it 
up;  and  there  also,  perhaps,  you  will  find  subjects  a  little  more  akin  to 
our  profession  in  the  apparatus  which  has  been  devised  for  gauging  the 
tiow  of  water,  a  subject  which,  of  course,  interests  a  large  part  of  our 
profession  who  have  devoted  themselves  to  that  specialty. 

But  our  time  is  limited,  gentlemen,  and  I  will  now  call  your  attention 
to  the  business  for  Avliich  we  are  here  assembled.  As  we  are,  I  hope,  a 
law-abiding  body,  I  wottld  call  upon  the  Secretary  to  read  the  general 
rules  by  which  our  conventions  are  governed. 

The  rvdes  were  then  read.* 

The  subject  of  Bridges  was  announced. 

The  following  papers  were  considered  : 

CXL.  Approximate  determinatiou  of  stresses  in  ttie  Eye-Bar  Head.    William  H.  Burr. 

CXLVII.  Proportion  of  Eye-Bar  Heads  and  Pins  as  determined  by  experiment.  C.  Slialer 
Smith. 

The  subject  was  discussed  by  De  Yolson  Wood.f 
The  following  paper  was  considered  : 

CL^^.  A  new  method  of  detecting  overstrain  in  iron  and  other  metals,  and  its  application 
in  the  investigation  of  the  causes  of  accidents  to  bridges  and  other  constructions.  Robert  H. 
Thurston. 

A  paper,!  ^JJ  E-  H.  Thurston,  entitled  "On  a  newly  discovered 
relation  between  the  tenacity  of  metals  and  their  resistance  to  torsion," 
was  then  read  by  the  Secretary. 

A  description  of  the  recent  accident  to  a  strand  of  the  Brooklyn 
Bridget  ""'as  then  given  by  Francis  Colhngwood,  and  discussed  by 
Messrs.  Wood,  Croes  and  Emery. 

The  following  j)apers  were  considered  : 

CXLIV  and  CXLIX.  Relative  quantities  of  material  in  bridges  of  different  kinds,  of  various 
heights.    Charles  E.  Emery. 

The  subject  was  discussedf  by  Messrs.  Searles  and  Emery. 

The  subject  of  Kivers  and  Harbors  was  then  taken  up.  A  paper,  by 
E.  L.Corthell,  entitled  "  The  South  Pass  Jetties,  descriptive  and  inciden- 
tal notes  and  memoranda,"!  was  read  by  the  author. 

*  The  rule  limiting  the  time  of  reading  for  each  paper  and  of  each  member  taking  part  in 
the  discussions  to  ten  minutes,  except  by  unanimous  consent,  was  enforced  during  the  whole 
session  of  the  Convention. 

t  To  be  hereafter  published. 
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A  discussion  of  this  paper  by  C.  W.  Howell"  M-as  read  by  the 
Secretary. 

The  subject  was  also  discussed  by  W.  Milnor  Roberts.* 
A  communication  was  read  from  the  President  of  the  Massachusetts 
Institute  of  Technology,  inviting  the  members  of  the  Society  to  inspect 
the  sevei'al  departments  of  the  institute,  which  was  accepted.  A  commu- 
nication from  the  Boston  Board  of  Trade,  inviting  the  members  of  the 
Society  to  avail  themselves  of  the  facilities  of  the  Merchants'  Exchange 
and  Reading  Room,  was  read  and  accepted.  Aunoiincements  were  made 
of  arrangements  for  the  afternoon  excursions.  The  Convention  ad- 
journed to  7i  p.  M. 

Second  Session. — The  Convention  resumed  its  session  at  7 J  p.  m. 

The  consideration  of  the  subject  of  rivers  and  harbors  was  continued 
and  discussed  by  J.  Foster  Flagg.* 

A  paper,*  by  B.  M.  Harrod,  entitled  "The  dangers  threatening  the 
navigation  of  the  MississiiDpi  River  and  the  reclamation  of  its  alluvial 
lands,"  was  read  by  the  Secretary. 

The  subject  was  discussed*  by  Messrs.  T.  S.  Hardee,  E.  L.  Corthell,. 
"W.  Milnor  Roberts,  John  Kennedy,  and  J.  Foster  Flagg. 

The  following  papers  were  then  considered  : 

CXLIII.  Improvement  of  entrance  to  Galveston  harbor.     Charles  W.  Howell. 
CLV.  The  Improvement  of  the  South  Boston  Flats.     Edward  S.  Philbrick. 

Discussion  on  Levees  as  a  system  for  reclaiming  low  lands.    J.  Foster  Flagg.    VoL 

VI.,  page  305. 

Some  explanations  as  to  the  imiarovements  in  Boston  harbor  were 
given  by  E.  S.  Philbrick,  and  it  was  stated  that  as  one  of  the  excursions 
of  the  Society  was  to  be  down  the  harbor  and  past  these  imi^rovements, 
full  information  on  the  subject  would  be  given  on  that  occasion. 

In  answer  to  a  question  E.  P.  North  gave  a  description  of  the 
means  adoj)ted  for  checking  the  moving  back  of  the  Falls  of  St.  An- 
thony. * 

The  Committee  on  Gauging  of  Streams  then  made  a  report.* 

The  subject  of  Gauging  Streams  was  discussed  by  Clemens 
Herschel. 

The  following  paper  was  then  considered  : 

CXLV.  The  flow  of  water  in  open  channels.    Theodore  G.  Ellis. 

Remarks*  upon  the  subject  were  made  by  Messrs.  J.  B.  Francis,  T. 
G.  Ellis,  W.  M.  Roberts,  C.  E.  Emery,  C.  Hershel,  and  De  Volsoii 
Wood,  and  it  was  discussed  by  Messrs.  White,  J.  P.  Davis,  Latimer  and 
Walling. 

A  paper,  by  Charles  G.  Darrach,  entitled  "The  Flow  of  Water  in 
Pipes,"*  was  read  by  the  author. 

Remarks  upon  the  subject*  were  made  by  John  T.  Fanning. 

♦  To  be  hereafter  published. 
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A  letter  -was  read  from  S.  N.  Gray,  member  of  the  Society,  City  En- 
gineer of  Providence,  inviting  the  memViers  of  the  Society  to  visit  that 
'City  on  their  return  from  Boston,  wliicli  invitation  was  accepted. 

Tlie  Convention  then  adjourned  to  Wednesday,  June  19tli,  at  10  a.  m. 

Thikd  Session. — The  Convention  reassembled  at  10  a.  m.,  on  Wed- 
nesday, June  19tli.  Announcements  Avere  made  of  details  of  excursions 
for  the  afternoon. 

The  subject  of  cements  was  announced. 

The  following  paper  was  considered  : 

CLII.  "  Notes  aud  experimeuts  oh  the  use  and  testing  of  Portland  Cemeni.  William  W. 
l\Iaclay. 

A  discussion*  on  tlie  subject  by  Don  J.  Whittemore  was  read  by  tlie 
Secretary. 

The  subject  was  also  discu'ed  by  Francis  Collingwood.* 

J.  Dutton  Steele  offered  the  following  resolution  : 

Resolved,  That  the  members  present  have  listened  with  much  interest 
to  the  paper  read  by  E.  L.  Corthell  upon  the  jetty  improvements 
at  the  liiouth  of  the  Mississijipi  ;  and  that  while  we  may  differ  individ- 
ually as  to  the  precise  effects  they  are  to  produce,  we  are  in  hearty  sym- 
l^athy  with  the  undertaking,  and  fully  ajjpreciate  the  importance  in  a 
national  and  commeicial  point  of  view  of  thus  improving  the  outlets  of 
our  great  rivers. 

This  resolution  was  discussed  by  Messrs.  J.  D.  Steele,  T.  G.  Ellis, 
Roberts,  Latimer,  and  Herschel. 

On  motion  this  resolution  was  laid  on  the  table. 

C.  Herschell  offered  the  folloAving  resolution  : 

Resolved,  That  this  Society  of  Civil  Engineers,  in  convention  assem- 
Wed,  is  heartily  glad  to  hear  that  there  is  a  twenty-four  feet  channel  at 
the  moiith  of  the  Mississippi  river  to-day,  and  that  they  hope  that  Capt. 
Eads  will  secure  thirty  feet. 

This  resolution  Avas  discussed  by  Messrs.  J.  B.  Francis,  Latimer, 
North,  J.  D.  Steele,  D.  V.  Wood,  and  Collingwood. 

C.  Latimer  moved  that  a  committee  of  three  be  apjiointed  to  frame 
u  resolution  on  the  subject. 

On  motion  of  J.  B.  Francis,  the  whole  subject  was  indefinitely  i^ost- 
jioned. 

The  subject  of  masonry  was  announced. 

A  paper*  by  R.  Hering,  entitled  "Brick  arches  for  large  sewers," 
was  read  by  the  authrn-. 

W.  Milnor  Roberts  made  remarks*  upon  the  subject,  and  it  was 
discussed  by  Messrs.  Collingwood,  Hering  and  Morison. 

A  communication*  on  the  same  subject  from  E.  S.  Chesbrough  was 
read  by  the  Secretary. 

The  topic  of  cements  was  resumed,  and  remarks*  upon  the  subject 
■were  made  by  W.  P.  Shinn. 

•  To  be  hereafter  published. 
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The  topic  of  masonry  was  resiimed,  and  the  following  pajoer  con- 
sidered : 

CLI.  Nomenclature  of  Building  stones  and  stone  Masonry.  3.  James  R.  Croes,  William 
E.  Merrill,  and  Edgar  B.  Van  Winkle. 

Remarks  upon  the  subject*  were  made  by  J.  Foster  Flagg,  and  it  was 
discussed  by  Messrs.  Croes,  CoUingwood  and  Veazie. 

The  topic  of  hydraulics  was  resumed. 

A  paper*  by  James  B.  Francis,  entitled  "  The  rain  fall  during  a  storm 
in  October,  1869,"  was  read  by  the  author. 

The  topic  of  dams  was  announced. 

The  following  paj^er  was  considered: 

CLVIII.  Wing  Dams  in  the  Mississippi  above  the  Falls  of  St.  Anthony.  Edward  P.  North. 

Remarks*  upon  the  subject  were  made  by  T.  G.  Ellis  and  E.  P. 
North. 

The  convention  then  proceeded  to  the  business  prescribed  by  the 
following  clause  of  the  By-Lawsf  which  was  read. 

"  At  the  Annual  Convention  a  Nominating  Committee  of  five  members, 
not  officers  of  the  Society,  shall  be  appointed  by  the  Convention." 

The  following  resolution  was  offered  by  George  S.  Greene,  and  lost  : 

Resolved,  That  a  Committee  of  three  be  appointed  by  the  chair  to 
hand  in  the  names  of  five  persons  to  be  proposed  to  the  Convention  for 
the  nominating  committee,  under  the  By-Laws,  and  that  the  names  of  the 
five  persons  shall  be  from  the  geographical  divisions  of  the  country." 

The  method  of  nominating  the  Committee  was  discussed  by  Messrs. 
George  S.  Greene,  Gardner,  Emery,  T.  G.  Ellis,  Bogart,  Searles,  De 
Volson  Wood,  Croes  and  others. 

The  following  resolution  offered  by  De  Volson  Wood  was  adopted  : 

Resolved,  That  the  Convention  nominate  the  committee,  and  as  far  as 
liossible  it  be  geographically  divided. 

The  convention  then  adjourned  to  7 J  p.  m. 

FouKTH  Session. — The  Convention  reassembled  at  7^  p.  m. 

The  following  resolution,  offered  by  G.  C.  Gardner,  was  adopted  : 

Resolved,  That  the  members  of  the  Nominating  Committee  be  selected 
from  the  following  districts  of  the  country  :  New  York  and  the  Atlantic 
coast,  Pittsburgh  and  the  Ohio  valley,  Chicago  and  the  Lake  region,  St. 
Louis  and  the  Mississippi  valley,  New  Orleans  and  the  South. 

Nominations  were  then  made,  and  the  following  named  members  were 
appointed  by  the  Convention  as  the  Nominating  Committee  : 

George  S.  Morison,  of  New  York. 

William  P.  Sliinn,  of  Pittsburgh. 

M.  Hjortsberg,  of  Chicago. 

James  B.  Eads,  of  St.  Louis. 

Thomas  S.  Hardee,  of  New  Orleans. 

*  To  be  hereafter  published.        t  Proceedings,  Vol.  Ill,  p.  20- 
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Tlie  Committee  on  Resistances  of  Railway  Trains  reported,*  tbrougli 
its  chairman,  W.  P.  Shinn. 

On  motion,  the  committee  was  continned. 

A  paper*,  by  Richard  H.  Buel,  on  the  subject  of  the  Dynograph,  was 
then  presented. 

The  Committee  on  Uniform  Accounts  and  Returns  of  Railroad  Com- 
panies reported,*  through  its  chairman,  W.  P.  Shinn. 

On  motion,  the  committee  was  continued. 

A  paper,*  by  Charles  Latimer,  tipon  the  subject  of  the  Graphic  Rep- 
resentation of  Railroad  Accounts,  was  then  read  by  the  author,  and 
illustrated  by  a  large  chart. 

The  rei)ort  of  the  Committee  on  Permanent  Quarters  for  the  Society,* 
was  presented  by  F.  CoUingwood.  member  of  the  committee. 

On  motion,  the  committee  was  continued. 

The  report  of  the  Committee  on  Tests  of  American  Iron  and  Steel,* 
forwarded  by  its  chairman,  W.  Sooy  Smith,  was  read. 

On  motion,  the  committee  was  continued. 

The  report  of  the  Committee  on  the  Exhibition  of  American  Engineer- 
ing at  the  Paris  Exposition  of  1878, f  Avas  presented  by  its  chairman, 
George  S.  Morison. 

A  statement  of  the  work  done  by  the  committee,  the  exhibits  secured, 
and  the  expenses  and  receipts  to  the  i^resent  time  was  made,  on  behalf  of 
the  committee,  by  George  S.  Morison,  chairman,  and  illustrated  by  a 
model  of  the  structure  erected  for  the  purpose  of  securing  the  largest 
amount  of  wall  surface  on  the  floor  area  allotted  to  the  Society,  together 
with  sufficient  space  for  the  exhibit  of  models,  j)ortfolios,  etc. 

Remarks  were  then  made  by  T.  C.  Clarke,  who  had  just  returned 
from  Paris,  in  reference  to  the  interest  felt  abroad  in  American  Engineer- 
ing, which  was  first  developed  by  the  Exposition  at  Philadelphia,  and 
which  it  was  hoi)ed  would  be  strengthened  by  this  exhibit. 

The  subject  was  discussed  by  Messrs.  J.  D.  Steele,  Latimer,  Bogart, 
Herschel,  and  others. 

On  motion  of  J.  Dutton  Steele,  it  was  ordered  that  the  Committee  on 
the  Exhibit  at  Paris  be  requested  to  prepare  a  subscription  paper  to  bo 
presented  to  the  members  present  at  the  Convention,  and  also  sent  by 
mail  to  all  members  of  the  Society. 

The  Centennial  Commission  of  the  Society  jiresented  a  report,* 
through  its  chairman,  T.  G.  Ellis, 

On  motion  the  Commission  was  continued. 

The  question  of  the  time  and  place  for  the  next  Annual  Convention 
was  then  considered. 

An  invitation  to  hold  the  Convention  at  St.  Louis  was  extended  to 
the  Society,  through  T.  J.  Whitman,  of  St,  Louis, 

*  To  bo  here  alter  published.         t  This  report  has  beeu  printed  ;m<l  sent  to  meuibers. 
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The  Convention  adjourned  till  the  close  of  the  business  session  of 
the  Society,  which  was  then  held. 

Fifth  Session. — At  the  close  of  the  business  meeting  of  the  Society, 
the  Convention  resumed  session. 

The  topic  Steam  Engines  was  called  up.  The  following  paper  was 
considered  : 

CLVII.  steam  engine  economy;  A  uniform  basis  for  comparison.    Charles  E.  Emery. 

The  subject  was  discussed  by  Messrs.    Leavitt,   Flagg,  Emery  and 
Whi  taker. 

Under  the  topic  Hydraulics,  the  following  paper  was  considered  : 

CXXXIX.  Tlie  Consumption  and  Waste  of  Water  delivered  by  Public  Works.  James  H. 
Harlow. 

The  topic  Mines  and  Blasting  was  called  up,  and  the  following  papers 
referred  to  : 

CXLTI.  On  the  simultaneous  ipniti  n  of  thousands  of  mines  and  the  most  advantageous 
grouping  of  fuses.    Julius  H.  Striediuger. 

CLII.  On  igniting  blasts  by  means  of  electricity.     Julius  H.  Striediuger. 

.    The  author  of  these  papers  being  absent  in  Europe,  their  discussion 
was  postponed. 

The  suljject  of  Preservation  of  Timber  was  referred  to  as  having  been 
exemplified  on  one  of  the  excursions  made  to  the  works  in  South 
Boston. 

The  topic  of  Railroads  was  announced,  and  the  following  papers  con- 
sidered : 

CLVIII.  Construction  and  operation  of  the  Incline  Plane  Railroad  at  Madison.,  Ind.  M.  J. 
Becker. 

CLIX.  Resistances  on  Railway  Curves.     S.  Whinery. 

Notes  on  the  papers  in  reference  to  Incline  Planes  and  Resistances  on  Railway 

Curves.     Octave  Ohanute. 

Reminiscences  and  exjierieuces  of  early  engineering  oiieratious  on  railroads,  with 

especial  reference  to  steep  inclines.     W.  Milnor  Roberts. 

Notes*  on  the  question  of  elevation  of  the  outer  rail  on  curves  by  E. 
Yardley  were  read  by  the  Secretary,  and  discussed  by  Messrs.  J.  D. 
Steele,  Philbrick,  Roberts  and  Latimer. 

The  subject  of  Surveys  was  announced. 

The  following  jDajDers  were  considered  : 

CXXXVIII.  Co-ordinate  Surveying.     Henry  F.  Walling, 
CXLVI.  A  novel  railroad  survey.     Thomas  S.  Hardee. 

CL.  Description  of  survey  for  determining  the  slope  of  water  surface  in  the  Erie  Canal. 
William  H.  Searles. 

The  latter  paper  was  discussed  by  Messrs.  Roberts  and  Croes. 

After  announcing  the  arrangements  for  excursions  during  the  suc- 
ceeding days  of  the  week,  that  for  the  following  day  being  down  the 
Harbor  of  Boston  and  as  far  as  Minot's  Ledge  Light  House,  E.  S. 
Philbrick,  by  request,  gave  a  description  of  the  old  light  house  at  that 
point  and  its  destruction. 


'  To  be  hereafter  publiished. 
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Tlie  follow'inj:^  resolutions  were  passed  ; 

"  Resolved,  tliat  this  Convention  desires  to  express  its  liearty  apjire- 
<'iation  of,  and  tlianks  for,  the  great  kindness  and  many  favors  extended 
to  the  members  and  gnests  of  the  So.ciety  by  the  Boston  Society  of 
Civil  Engineers  during  the  session  of  the  Convention." 

•  "  Eesolved,  that  the  thanks  of  the  Society  be  conveyed  to  the  mem- 
bers of  the  local  committees  for  the  very  thorough  manner  in  which 
their  duties  have  been  performed,  and  to  the  Boston  Board  of  Trade, 
the  officers  of  the  Massachusetts  Institute  of  Technology  and  to  the 
officers  of  the  railroads  which  have  courteously  afforded  to  the  members 
of  the  Convention  facilities  for  transportation  and  for  examining  the 
works  of  interest  in  the  vicinity  of  Boston." 

"Resolved,  that  the  thanks  of  this  Convention  be  extended  to  Mr. 
Edward  S.  Philbriek  for  the  able  and  courteous  manner  in  which  he  has 
presided  over  its  delil)erations." 

The  Convention  then  adjourned. 


The  section  of  the  By-Laws  providing  for  conventions  reads  as  fol- 
lows :  "  A  convention  of  the  Society  for  professional  discussion  and  social 
intercourse  shall  be  held  annually,  at  such  place  as  the  Society  may  de- 
termine,"    *     *     *     &c. 

In  addition  to  the  sessions  for  professional  discussions,  as  above 
reported,  jsrovision  was  made  by  the  local  committees  at  Boston  for 
excursions  and  visits  to  many  points  of  interest.  Nearly  all  the  members 
of  the  Society  and  their  guests  who  attended  the  convention  took  part 
in  these  excursions,  which,  through  the  excellent  arrangements  charac- 
terizing them,  added  largely  to  the  pleasure  of  the  occasion,  both  in  the 
interesting  engineering  works  visited  and  in  the  opportunities  afforded 
for  social  intercourse.  Members  of  the  families  of  many  of  the  engineers 
also  accomi^anied  them  in  these  excursions,  and  appreciated  the  courtesy 
which  included  them  in  the  invitations. 

The  members  of  the  Boston  Local  Committees  were  as  follows  : 

Working  Committee — Henry  M.  Wightman,  Chairman,  Edward  S. 
Philbiick.  Henry  F.  "Walling,  Joseph  Yeazie,  Frederick  Brooks,  and 
Clemens  Herschel,  Secretary  and  Treasurer. 

Advisory  Committee=James  B.  Francis,  George  A.  Parker,  George 
H.  Norman,  Jos.  P.  Davis,  George  S.  Morison,  and  O.  E.  Cushing. 

The  general  j^rogramme  for  each  day  was  arranged  and  adhered  to. 
It  was  printed  in  a  handsome  pocket  pamphlet,  interleaved.  It  is  here- 
with given. 

Tuesday,  June  18th,  Boston  Society  of  Civil  Engineers  Day.  The 
headquarters  of  the  Society  will  be  at  the  Hotel  Brunswick,  on  Boylston 
street,  corner  of  Clarendon.  The  meetings  of  the  Society  Avill  be  held 
at  the  Massachusetts   Institute  of  Technology,  ojii^osite   the  hotel,   in 
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rooms  kindly  placed  at  the  disposal  of  the  Society  by  the  officers  of  the 
Institute. 

The  Local  Committee  on  Convention  request  each  member  to  call  at 
the  rooms  of  the  committee,  in  the  hotel,  soon  after  his  arrival,  and 
signify  which  of  the  excursions  he  j^roposes  to  join,  and  whether  he  will 
attend  the  convention  dinner,  so  that  the  committee,  being  duly  instruct- 
ed, may  be  able  properly  to  attend  to  the  comfort  of  all. 

The  Convention  will  be  called  to  order  at  10  a.  m.,  session,  adjourn- 
ment, dinner.  In  the  afternoon,  by  invitation  of  the  Boston  Society  of 
Civil  Engineers,  an  excursion  will  be  made  by  rail  to  Newton  Upper 
Falls,  Aqueduct  Bridge,  Boston  Water  Works,  and  return  in  coaches 
through  some  of  the  suburbs  of  Boston, 

The  Committee  of  the  Boston  Society  having  this  excursion  in 
charge  consists  of  :  William  H.  Bradley  (Supt.  of  Sewers  of  the  city  of 
Boston),  Chairman  and  manager  of  the  excursion  ;  Edward  Sawyer,  En- 
gineer of  the  Newton  Water  Works  ;  George  S.  Rice,  Secretary  Boston 
Society  of  Civil  Engineers  ;  Desmond  Fizgerald,  Supt.  Western  Division 
Boston  Water  Works  ;  C.  W.  Kettelle,  Civil  Engineer. 

Members  of  the  Convention  going  on  this  excursion  will  leave  the 
liotel  at  2.20  p.  m.  Special  cars,  provided  by  the  conrtesy  of  the  N.  Y.  «.\: 
N.  E.  Eailroad  Company  (C.  P.  Clark,  General  Manager),  will  be  found 
in  waiting  under  the  Columbus  avenue  bridge.  These  cars  will  be 
attached  to  the  train  leaving  the  Albany  depot  at  2.30  p.  m.,  and  this 
train  is  due  at  Newton  Upper  Falls  at  3.07  p.  m.  A  map,  showing  the 
route  of  the  return  to  Boston,  and  pointing  out  objects  of  interest  on  the 
way,  will  be  given  to  each  member.  The  excursion  will  return  to  the 
hotel  in  time  for  snipper  and  the  evening  session,  at  7.30  p.  m. 

Wednesday,  June  19th.  — Boston  Day,  Mr.  H.  M.  Wightman, 
Manager  of  the  Day.  The  Convention  will  be  called  to  order  at  10  a. 
M.  Session. — Adjournment. — Dinner.  In  the  afternoon  the  Convention 
will  divide  into  parties,  each  member  electing  which  he  will  join.  The 
following  excursions  have  been  jirovided  for  this  afternoon:  1. — To 
Harvard  College  and  Mount  Aiiburn  Cemetery,  in  charge  of  Mr.  Fred- 
erick Brooks,  A.  B.  (Harvard).  2. — To  the  Art  Museum,  Natural  His- 
tory Buildiiig,  Trinity  Church,  and  elsewhere  about  the  City  as  the  party 
may  desire.  In  charge  of  Messrs.  E.  S.  Philbriek  and  H.  F.  Walling. 
3. — To  the  work  on  the  new  system  of  sewerage,  now  in  progress.  In 
charge  of  Messrs.  E.  C.  Clarke,  Princiijal  Assistant  Engineer,  and  Geo. 
S.  Rice,  Division  Engineer,  engaged  upon  the  work.  ^. — To  Bunker 
Hill  (by  invitation  of  Hon.  Richard  Frothingham,  President  Bunker 
Hill  Moniiment  Association),  and  to  the  Navy  Yard.  In  charge  of 
Messrs.  Clemens  Herschel  and  Josejjh  Veazie.  It  is  expected  that  Mr. 
Frothingham  will  meet  the  party  at  the  Monument  grounds.  5. — To 
tlie  ]}rig'hton  Abattoir  and  the  Watertown  Ai'senal.  In  charge  of  Mr.  H. 
M.  Wightman,  Assistant  City  Engineer.  6. — To  the  Creosoting  Works 
at  South  Boston  ;  Mr.  E.  R.  Andrews,  Proprietor.     In   charge  of  that 
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gentleman.  Members  of  the  Convention  going  upon  one  of  these  exom- 
sions  will  reijovt  to  the  gentleman  having  the  same  in  charge,  in  the  par- 
lor of  the  hotel  assigned  the  Convention.  Coaches  are  provided  a.s^ 
transportation  for  those  excursions  not  readily  made  by  the  public  con- 
veyances. The  coaches  will  start  from  the  hotel  at  2:30  p.  m.  Members- 
especially  interested  in  the  construction  of  dams  for  storage  resei'voirs,. 
who  may  wish  to  see  the  dams  now  building  at  Framingham,  25  mile*- 
out  from  the  City,  will  report  to  Mr.  G.  P.  Low,  Jr. ,  Assistant  Engineer, 
engaged  upon  the  work,  who  will  guide  the  party  to  Framingham  and  U^^ 
the  Reservoir  dams.  The  train  for  Framingliam  will  leave  the  Albany 
depot  at  2:15  p.  m.     Session  and  business  meeting  at  7:30  p.  m. 

Thursday,  June  20th. — Harljor  Day.  Mr.  E.  S.  Philbriek,  Manager 
of  the  Day.  By  invitation  of  the  Boston  Board  of  Trade,  John  W. 
Candler,  President,  an  excursion  will  be  made  in  the  Upper  and  Lower 
Harbors,  including  a  lunch  on  board  the  Bohemian,  of  the  Leyland  line 
of  Liverpool  steamers,  Thayer  &  Lincoln,  Agents  ;  and  a  visit  to  Fort 
Warren,  &c.,  as  detailed  below.  The  Committee  of  the  Boston  Board  of 
Trade,  tendering  this  excursion  to  the  Convention,  consists  of  John  W. 
Candler,  Chairman  ;  Alpheus  H.  Hardy,  Henry  F.  Woods,  Curtis  Cluild,. 
William  H.  Lincoln,  Charles  M.  Clajjp,  and  Rufus  S.  Frost,  and  the  ex  - 
cursion  will  be  made  on  the  city  steamer,  ./.  Putnam  Bradlee,  kindly 
tendered  through  the  Board  of  Trade  by  the  City  of  Boston,  Hon.  Henry 
L.  Pierce,  Mayor.  Members  of  the  Convention  going  upon  this  excur- 
sion, may  take  coaches  leaving  the  hotel  at  9:30  a.  ji.,  for  Eastern  Ave- 
nue wharf  (next  south  of  South  Ferry  to  East  Boston).  The  boat  leaves- 
at  10  A.  31. ,  passing  in  front  of  Navy  Yard,  will  enter  mouth  of  Mystic 
River,  and  see  the  Lowell  Railroad  improvements  ;  will  then  visit  the 
improvements  of  the  South  Boston  fiats.  (See  Transactions  of  the  Soci- 
ety, No.  CLV.)  A  landing  will  here  be  made.  Cross  Upper  Hai-bor  to 
Grand  Junction  wharves,  land,  inspect  railroad  facilities  and  elevator  ; 
lunch  on  British  steamer  Bohemian.  The  route  after  lunch  will  be  gov- 
erned somewhat  by  the  state  of  the  weather.  If  this  should  be  suitable 
for  going  outside,  the  steamer  will  proceed  to  Fort  Warren,  Col.  John 
Mendenhall,  United  States  Artillery,  commanding,  where  a  landing  will 
be  made  for  inspection  of  the  Fort,  after  which  the  party  will  approach 
Minot's  ledge  lighthouse,*  and  return  throiigh  Hull  gut,  Weir  river  and 
Quincy  Bay  to  the  City.  If  the  weather  should  be  unfavorable  for  going 
outside,  the  party  will  land  at  Deer  Island,*  and  inspect  the  iJublic  insti- 
tutions there,  before  landing  at  Fort  Warren,  and  return  thence  via. 
Hingham  Bay,  as  above. 

Schedule  of  time  :  Leave  wharf,  10  a.  m.,  arrive  at  South  Boston 
10:30.  Leave  South  Boston,  11:30  a.  m.,  arrive  at  East  Boston,  11:45. 
Leave  East  Boston,  1:30  p.  jr.,  arrive  at  Boston  on  the  return  about  •> 
p.  M.     The  steamer's  whistle  will  be  sounded  five  minutes  before  lea\ing 

*  The  weather  being  favorable,  both  the  trip  to  Minot's  ledge  and  the  visit  to  Deer  IslancL 
were  made. 
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eacli  landing.     In  the  evening  at  7 :30,  the  Annual  Dinner  Tvill  take  place 
at  the  Hotel  Brunswick. 

Friday,  June  '21st. — Lowell  and  Lawrence  Day.  Mr.  James  B. 
Francis,  Agent  and  Engineer  of  the  "Proprietors  of  Locks  and  Canals 
on  Merrimack  River,"  Manager  during  the  stay  of  the  party  at  Lowell. 
Mr.  E.  D.  Leavitt,  Jr.,  Mechanical  Engineer,  Manager  during  the  stay 
of  the  party  at  Lawrence.  By  invitation  of  Mr.  James  B.  Francis  and 
others,  an  excursion  will  he  made  to  Lowell  and  Lawrence.  Members  of 
the  Convention  going  upon  this  excursion,  may  take  coaches  leaving  the 
hotel  at  7:30  a.  m.,  for  the  Lowell  Depot,  Train  leaves  at  8:00  a.  m. 
Sjjecial  cars  and  trasportation  will  be  i^rovided  for  the  members  of  the 
Convention  by  courtesy  of  the  Boston  &  Lowell  and  Nashua  it  Lowell 
Railroads  (Hocum  Hosford,  General  Manager).  The  train  is  due  in 
Lowell  at  9 :00  a.  m.  Opportunity  will  be  given  to  inspect  some  of  the 
cotton,  carjiet  and  other  mills  at  Lowell,  the  system  of  canals  and  water 
power  of  the  Projirietors  of  Locks  and  Canals  on  Merrimack  Eiver.  the 
processes  of  gauging  running  water  ;  the  two  Lowell  pumping  engines, 
<fec.,  with  lunch  at  the  engine-house  at  0:30  p.  M.  The  train  for  Law- 
rence leaves  the  Merrimack  street  depot  at  2:00  p.  M.,  being  due  in  Law- 
rence at  2:35  p.  m.  Opioortunity  will  be  given  to  inspect  the  Lawrence 
jjumping  engine,  the  water  power  of  the  Essex  Company,  the  Washington 
(woolen)  Mills,  <tc.  The  train  for  Boston  leaves  the  North  Lawrence 
depot  at  5:00  p.  m.,  and  is  due  in  Boston  at  6:0i  p.  m. 

Satueday,  June  22d. — Mount  Washington  Railway,  and  Home.  Mr. 
Geo.  S.  Morison,  Manager  of  the  Day.  By  the  courtesy  of  the  Eastern 
Railroad  Company  (Gen.  A.  P.  Rockwell,  President),  an  excursion  has 
been  arranged  to  Mount  Washington,  returning  Monday  morning. 
Members  take  coaches  leaving  the  hotel  at  7:45  a.  m.  The  train  leaves 
•the  Eastern  Railroad  Depot  at  8:15  a.  m.,  and  is  due  at  Fabyan's  at  1:40 
p.  M.     Headquarters  of  the  Society  at  the  Fabyan  House.   , 

The  programme,  as  printed  above,  was  carried  out. 

By  the  kindness  of  the  officers  of  the  Portland  &  Ogsdenburg  Rail- 
road, open  observation  cars  were  provided  at  Conway,  and  full  opjjortu- 
nity  Avas  thus  given  for  the  enjoyment  of  tlie  scenery  through  the  White 
Mountain  Notch,  and  for  an  inspection  of  the  location  'and  construction 
of  that  railroad.  From  the  Fabyan  House,  where  dinner  was  jirovided, 
the  train  was  hauled  to  the  foot  of  the  incline,  and  there,  by  the  courtesy 
of  the  Mount  Washington  Railway  Company  (Sylvester  Marsh,  Presi- 
dent), three  of  the  incline  locomotives,  with  the  peculiar  cars  which  as- 
cend the  mountain,  were  in  readiness  and  took  the  party  to  the  summit, 
find,  after  a  short  stay,  descended  the  incline.  Spending  Sunday,  either 
fit  the  Fabyan  House  or  at  Crawford's,  the  majority  of  the  i^arty  returned 
to  Boston  on  Monday.  On  Tuesday  Fall  River  and  Providence  were 
visited,  and  interesting  engineering  works  at  these  cities  examined. 
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REPORT      OF      THE      TREASURER. 

Receipts  mid  Disbursements,  Xovemher  1th,  187T,  to  May  olst,  18T8. 

Receipts. 

Balance  from  former  Treasurer $634  67 

Entrance  Fees 345  00 

Dues 5,632  50 

Sides  of  Pul)lications  and  Dijilomas. .  .    . '. 112  98 

Interest  Norman  Medal  Fund 70  00 

do.       Fellowship  Fund 280  00 

Miscellaneous 25  00 

Total  Receipts $7,100  1 5 

Disbursements. 
( .V)  For  liabUities  incurred  previous  to  the  hegiruiing  of  the  current  Society  year  : 

Publications $1,440  70 

Stationery 167  55 

Rent 400  00 

Legal  Services 160  88 

Janitor,  House  Repairs  and  Supplies 142  04 

Postage 1  70 

Miscellaneous 15  25 

$2,328   12 

(B)    For  liabilities  incurred  during  the  present  Socictg  year  : 

Publications $1,053  22 

Rent 800  00 

Stationery  and  Printing 249  91 

Salaries " 1,500  00 

Postage 189  76 

Fuel  and  Light 229  89 

Annual  Meeting 105  75 

Janitor.  House  Repairs  and  Supplies,  and  Library 331  63 

Norman  Medal  and  Prize  ]  28   15 

Telegraph,  Express  and  Contingencies 61  57 

Safe  Deposit  and  Insurance 29  13 

$4,679  01 

Total  Disbursements $7,007  13 

Balance 93  02 

$7,100  15 
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The  Board  of  Direction  considered  it  proper  to  pay  first  the  liabilities  incurred 
<3uring  previous  years,  running  back  to  1874,  which  were  found  to  be  due  at  the 
beginning  of  this  Society  year,  and  which,  as  shown  above,  amounted  to  P,328  j'jffj. 

These  payments  ha^e  reduced  the  amount  available  for  current  expenditure, 
■which  would  otherwise  have  been  mostly  devoted  to  publications. 

The  balance  transferred  from  the  previous  jear  was  also  reduced  by  the  pay- 
ment during  the  last  month  of  that  year,  of  bills  amounting  to  over  $1,000,  which 
had  been  incurred  during  a  period  extending  from  December,  1872,  to  April,  187*7. 

The  Society  is  now  out  of  debt,  excepting  perhaps  a  few  bills,  not  exceeding  in 
amount  >;250,  which  have  been  presented  as  incurred  previous  to  the  present 
Society  year,  and  which  are  now  waiting  adjustment  or  explanation. 

The  funds  of  the  Society  are  safely  invested.  Sliould  the  receipts  from  the  pay- 
ments of  dues  by  members  equal  the  average  of  past  j'ears,  the  publications  can 
soon  be  brought  up  to  date. 

J.  J.  R.  CROES, 

Treasurer. 


LIST  OF  NEW  BOOKS  OX 


ENGINEERING    AND    TECHNOLOGY 


Agricuture,  Book  of .  A  Manual  of  Agri- 
cultural Science,  as  applied  iu  Practice. 
W.  W.  Fvfl'e.  London.  Post  8vo.  Stewart. 
Is.  6d. 

Architecture.  Modern  Dwellings  in  Town 
and  Couutry,  adapted  to  Americau  Wants 
and  Climate.  lOU  original  designs  of  cot- 
tages, villas  and  mansions  ;  with  Treatise 
on  Furniture  and  Decoration.  H.  Hudson 
Holley.  NewYork.  8vo,  illus.  Harpers.  $4.00. 

Architectural  Studies  m  France.  90  lithog. 
plates  (16  colored).  W.  G.  Davis.  London, 
liop.  fol.    Batsford.    638. 

■Centennial  Exhibition  Reports.  Official  Re- 
ports of  the  International  Board  ot  Judges, 
Centennial  Exhibition,  1876.  Edited  by 
Francis  A.  Walker,  Chief  of  the  Bureau  of 
Awards.  8vo,  paper.  Group  I. — Bliuerals, 
Mining  and  Metallurgy,  including  the  Ma- 
chinery. Illustrated.  494  pp.  $2.  Group 
III. — Chemistry  aud  Pharmacy,  including 
the  Apparatus.  Illustrated.  292  pp.  .11.50. 
GrouiJ  X. — Clothing,  Furs,  India  rubber 
Goods,  Ornaments  and  Fancy  Articles. 
112  pp.  SO. 75  Group  XIV.— Apparatus  of 
Heating,  Lighting.  Ventilation,  Water-Sup- 
ply  and  Drainage.  Illustrated.  88  pp. 
$0.75.  Group  XVIII.— Railway  Plant,  Roll- 
ing Stock  and  Apparatus,  Road  Engines.  • 
Profusely  illustratfd.  94  pp.  SI. 25.  Group 
XX. — Motors,  Hyilranlic  and  Pneumatic 
Apparatus  etc.  Illustrated.  432  pp.  $2. 
Oroup  XXV. — Instruments  of  Precision, 
Research,  ExiDerimeut  and  Illustration,  in- 
cluding Telegraphy  aud  Music.  Illusti  ated. 
210  pp.  $1.00.  Group  XXVIII.— Education 
and  S'ieuce.  392pp.  $1.75.  Group XXIX. — 
Horticulture.  54  i)p.  $0.25.  Groups  XXX. 
to  XXXV.— Live  Stock.  132  pp.  $0.75. 
Group  XXXVI.— Pomology.  .50  pp.  $0.25. 
Collective  Exhibits.  40  pp.  $0.25.  A  com- 
plete set  of  the  Judges'  Reports.  32  vols. 
.^20.    Philadelphia.    LippincoU. 


Contracts.    The  doctrines  of  the  law  of 

in  their  principal  outlines,  stated,  illustra- 
ted, aud  condensed.  J.  P.  Bishop.  St. 
Louis.     8vo.     Soule  cH  Thomas.     $3.50. 

Drawing  ;  a  Treatise   on  Linear  Persiiective 

,  adapted  to  the  Second  Grade  of  the 

Science  and  Art  Department.  2d  ed.,  en- 
larged. J.  &  G.  Yule.  London.  4to.  Wa- 
tersion.     2s.  6d. 

Education  ;  The  Year  Book  of  for  1878. 

Henry  Kiddle  aud  Alexander  J.  Schem. 
New  York.     8vo.     £.  Slexger.     $2.00. 

Geometry.  A  complete  Course  of  Second 
Grade  Practical ,  including  the  Element- 
ary Projection  of  Solids.  With  numerous 
Examination  Papers  ;  Drawing  Book  com- 
bined. J.  &  G.  Yule.  London.  4to.  Wa- 
ter ston.    2s.  6d. 

Heat;  The  Analytical  Theory  of .    Joseph 

Fi  urier.  Trans,  with  notes  by  Alexander 
Freeman.  Loudon.  8vo.  Cambridge  Ware- 
house.    16s. 

Iron,  Steel,  aud  Allied  Trades  in  1877.  An- 
nual Report.  J.  S.  Jeans.  London.  8vo. 
Spans.     15s. 

Light  ;    The  Principles  of  and  Color. 

Edwin  D.  Babbitt.  NewYork.  8vo,  illus. 
Babbitt  d-  Co. 

Lcgarithims  ;  New  Manual  of to  seven 

jilaces  of  decimals.  Dr.  Briihns.  London. 
Royal  8vo.    Loiv.    68. 

Machine    Construction  ;    Principles   of  . 

Edward  Tompkins.  Edited  by  Henry  Evers 
(Collins'  Advanced  Science  Series).  Vol.  1. 
Loudon.     12mo,  iilates.     Collins.    3.  6d. 

Construction  ;  Principles  of  .  Ed- 
ward Tomkius  (Advanced  Science  Series). 
Text  aud  Plates.  New  York.  Text,  12mo  ; 
plates,  4to.     Ftdnams.     $4.50. 

Magnetic  Variations  in  the  United  States  : 
being  a  compilation  of  Observations  made 
in  America  from  the  year  1640  to  the  pres- 
ent date.    Tabulated  aud  arranged  for  the 
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use  of  surveyors.  J.  B.  Stone.  New  York, 
12mo.     Van  iVo.sVrand      $1.50. 

3Iuseuin — South  Kensington   .     What  it 

is;  how  it  originated  ;  what  it  is  doing  for 
England  and  the  world.  A  lectvire  delivered 
in  Cincinnati,  April  5,  1878,  by  Chas.  P. 
Taft.     8vo.     R.  Clark",  d-  Co.     f  0  25. 

South  Kensington .     Free  Evening 

Lectures,  delivei-ed  in  connection  with  the 
Special  Loan  Collection  of  Scientific  Appa- 
ratus, 1876.  (South  Kensington  Handbooks). 
8vo.     London.     CUapman  <t  Hall.     8s. 

Xile,  The  sources  of  the  Nile.  Through  the 
dark  Continent,  around  the  great  lakes  and 
down  the  Congo.  Henry  M.  Stanley.  Lon- 
don. 2  vols.  8vo,  illus.  Low,  Marston  <£ 
Co.    £2  28. 

Paris  Exhibition,  Official  Catalogue  of  the 
British  Section,  Paris  Universal  Interna- 
tional Exhibition.  1878.  Published  by  Direc- 
tion of  the  President  of  the  Royal  Commis- 
sion. In  two  parts.  Plans  and  Elevations. 
Demy  8vo,  sd.,  pp.  Isxxvi — 284  and  260. 
Loudon.     Exjre  d;  SpoUiswnode.    2s.  6d. 

Pine  Plantations  on  the  sand  wastes  of  France. 
John  Crombie  Brown.  Edinburgh.  8vo, 
Oliver  &  Boxjd.    7s.  6d. 

Ponds,  A  short  practical  treatise  on  dew , 

the  farmer's  summer  water  suppliers  :  be- 
ing invaluable  on  hilly  farms  and  sheep- 
runs,  self-supporting,  need  no  repair,  and 
always  efficient.  With  two  folding  plates 
and  diagram.  H.  P.  Slade.  London.  8vo, 
UpOM,  New  York.     $0.80. 

Kailroad  Builder,  A  H  ludbood  for  estimating 
the  probable  cost  of  .American  Railway  Con- 
struction aad  Equipment.  Wm.  J.  Nioolls. 
Pocketbook  form.  Philadelphia.  18mo. 
Henry  C.  Baird  <£:  Co.     (Announcement.) 

^Railway  System,  Index  to  our and 

our  Leading  Lines:  a  comprehensive  Analy- 
sis of  Railway  Property.  A  handbook  for 
shareholders  and  investoi's  and  all  who  are 


interested  in  railway  administration  and 
management.  W.  Fleming.  London.  Roy. 
8vo.     M'Corquodale.     2s  6d. 

Railway  Reports,  American ;  a  collec- 
tion of  all  reported  decisions  relating  to 
railways.  H.  A.  Shipman,  New  York.  8vo. 
Vol.  9.     Cnckcrofl  ct  Co.     $6. 

Ready,  Reckoner,  Merchants .  Ar- 
ranged sxpi'essly  for  Coal  Proprietors,  Mer- 
chants, Railway  Companies,  &c.  4th  ed. 
Folio.     Simpkins.    4s. 

Record  of  Science  and  Industry,  Annual, 
for  1877.  Spencer  F.  Baird,  New  York. 
12mo.     Harpers.     $2. 

Society  of  Engineers,  Transactions  for  1877. 
Edited  by  P.  S.  Nursey,  Secretary.  London. 
8vo.     S2>r)ns.    15s. 

Telegraph  Cables,  Laying  and  repairing. 
Capt.  V.  Haskier.  London.  Post  8vo. 
Siwns,  New  York.     $2. 

Tramways,  their  const 'iiction  and  working, 
embracing  a  comprehensive  history  of  the 
system,  with  an  exhaustive  analysis  of  the 
various  modes  of  traction,  including  horse 
power,  steair;,  heated  water,  and  compressed 
air;  a  description  of  the  varieties  of  rolling 
stock,  and  ample  details  of  cost  and  work- 
ing expenses,  with  special  reference  to  the 
tramways  of  the  United  Kingdom.  With  9 
engravings  and  folding  jjlates.  D.  Kinnear 
Clark.    London.    Post  8vo.    Lockwood.   18s. 

Trigonometry,  The   elements  of  Plane . 

Eugene  L.  Richards,  New  I'ork.  12mo. 
Appleton.     $0.75. 

Water  Supply,  London :   Being  an 

examination  of  the  alleged  advantages  of 
the  Scheme  of  the  Metropolitan  Board  of 
Works,  and  of  the  inevitable  increase  of 
rates  which  would  be  required  thereby.  By 
a  Civil  Engineer.    London.    8vo.   Sfion  .  6d. 

Tidy's  Report  on  the  London 

Water  Supply.  Loudon.  Small  4to. 
Churchill.     2s.  6d. 


ANNOUNCEMENTS. 


The  explanation  of  the  delay  in  issuing  the 
publications  of  the  Society  will  be  found  in 
the  report  of  the  Treasurer,  printed  in  this 
number. 

Discordant  Stand.\bds  or  Mfasdrement. 
— A  number  of  members  of  the  Society  desire 
to  obtain  for  imblication,  statements  of  the 
various  discordant  standards  of  measure  in 
use  in  the  TJuited  States.  It  is  known  that  in 
many  cities  the  old  standards  are  more  or 
less  at  variance  with  the  present,  and  that, 
quite  frequently,  confusion  and  annoyance 
are  the  result.  A  table,  compiled  from  the 
information  which  is  undoubtedly  in  the  pos- 
session of  members  of  the  Society,  would  be 
both  interesting  and  valuable.  The  request 
is,  therefore,  made,  that  any  information 
which  would  be  of  assistance  in  the  prepara- 
tion of  such  a  table  be  forwarded  to  the  Sec- 
retary. The  replies  should  state  the  equiv- 
alent of  the  measures  referred  to  in  U.  S. 


standard  feet  or  in  meters,  together  with  any 
additional  notes  which  may  be  applicable.  If 
provisional  equivalents,  afterwards  proving 
incorrect,  have  been  adopted,  the  value  of 
these  shoTild  also  be  stated. 

Members  who  desire  to  secure  complete 
sets  of  the  Transactions  of  the  Society  are 
requested  to  send  to  the  Secretary  a  list  of 
the  papers  which  are  needed  to  fill  up  their 
seta.  Some  of  the  earlier  papers  are  out  of 
print.  If  orders  are  received  for  a  sufficient 
number  to  warrant  the  expense,  a  reprint 
will  be  made. 

Special  attention  is  called  to  the  code  of 
rules  for  award  of  the  Norman  Medal,  printed 
at  the  end  of  this  number.  Papers  for  com- 
petition must  be  submitted  previous  to  Sep- 
tember 6th,  1878.  AU  members  of  the  Society 
are  invited  to  assist  in  securing  the  presenta- 
tion of  papers  for  this  award. 
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:Members  of  the  Society  who  expect  to  visit 
Euroi^e  during  the  preeeut  year,  are  request- 
ed to  inform  the  Secretary  as  soon  as  possible 
of  that  fact,  and  also  of  the  time  when  they 
purpose  leaving  and  the  probable  length  of 
their  stay  abroad,  together  with  their  Euro- 
pean address. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society  and 
ordered  printed  regularly  in  the  Society  pub- 
lications : 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad  ; 
and  whereas,  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  jnade 
familiar  to  all,  by  comparison  : 

Resolved,  That  Members  be  requested,  in 
papers  hereafter  presented  to  the  Society  to 
write,  in  parenthesis,  weights  or  dimensions 
by  the  metric  system  in  connection  with  those 
of  the  system  in  general  use. 

The  HotrsE  of  the  Society  is  at  IW  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram- 
ercy  Park.  It  is  open  from  nine  o'clock 
A.  M.  to  five  o'clock  p.  M.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  p.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  present,  be  open  every  riiuraday 
evening,  from  Ik  to  10  p.  m.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  cou- 
siiltation  of  books  and  periodicals  and  for 
conversation. 

Exhibition  of  Ameeican  Engineeeing  at 
Paris,  1878.— The  Committee  appointed  by 
the  Society  to  prepare  this  Exhibitioa  pre- 
sented a  report  at  the  late  Annual  Convention, 
from  which  tlie  following  information  is 
gathered : 

The  Exhibition  may  be  divided  into  two 
classes:  1st.  The  drawings  and  photographs 
of  works  which  have  been  grouped  in  depart- 
ments and  are  mounted  on  the  structure 
erected  for  this  purpose,  where  they  may 
readily  be  seen  and  examined  by  aU  visitors 
to  the  Exposition,  together  with  the  models 
and  specimens  which  are  likewise  conspicu- 
ously displayed.  2d.  A  collection  of  tracings, 
albums,  specifications,  blank  contracts,  litho- 
graphs and  other  miscellaneous  matter,  not 
designed  for  general  exhibition,  but  acces- 
sible for  inspection  to  engineers  and  others 
who  may  desire  to  make  sjjecial  investiga- 
tions. 

The    structure    on    which    the    drawings, 


photograjjhs  and  models  are  mounted  was 
built  tor  your  Committee  by  Messrs.  Mead  & 
Taft,  of  Cornwall-ou-the-Hudsou,  and  taken 
to  France  by  one  of  the  Government  vessels. 
All  i^arts  except  the  interior  frame,  which  is 
concealed  by  the  drawings,  are  of  American 
hard  woods.  It  is  an  excellent  example  of 
first-class  machine-made  carpenter  work,  and 
in  itself  forms  a  good  collection  of  our  native 
finishing  woods. 

This  structure  is  so  designed  as  to  cover 
exactly  the  amount  of  space  allotted  to  your 
Society,  namely  16  feet  wide  by  21  feet  long. 
Its  exterior  surface  furnishes  six  alcoves, 
each  appropriated  to  a  different  department, 
while  additional  wall  surface  as  well  as  a 
small  oflice  is  provided  in  the  interior,  and  a 
broad  staircase  leads  to  a  platform  above. 

The  six  alcoves  have  been  appropriated  to 
the  following  general  departments; 

Foundations  and  Masonry;  Bridge  Super- 
structure ;  Hydraulic  Machinery  ;  Inland 
Marine  ;  Rolling  Stock  ;  River  and  Harbor 
Improvements. 

Four  of  these  alcoves  are  at  the  corners  of 
the  structure,  and  each  of  them  affords  thvee 
vertical  wall  spaces  3  feet  wide  by  5  feet  high, 
two  inclined  spaces  3  feet  square,  and  one 
smaller  triangular  space.  The  alcoves  de- 
voted to  Bridge  Superstructure  and  <o  Foun- 
dations are  in  the  middle  of  the  long  sides 
and  twice  the  size  of  the  others.  There  are 
also  upon  the  wall  spaces  not  included  above, 
photographs  and  drawings  representing  Ele- 
vated Railroads  and  Gas  Works. 

The  Committee  hope  to  be  able  to  arrange 
for  the  preservation  of  the  structure  and  the 
coUfction  mounted  m  its  alcoves,  as  a  per- 
manent exhibit  of  American  Engineering;  it 
may  be  placed  after  the  close  of  the  Inter- 
national Exposition  in  the  Museum 'of  the 
Port  Is  el  Cliaussees. 

The  expenses  imurred  to  date  amounted 
to  $1,103.51. 

Of  this  amount,  about  $350  is  for  framing 
and  mounting  the  contributions  of  individual 
exhibitors.  A  part  of  the  money  so  si>eut  has- 
already  been  returned  by  the  exhibitors,  and 
the  expenses,  as  stated  above,  are  stated  as 
reduced  by  the  sums  so  repaid.  The  Com- 
mittee hope  that  all  exhibitors  will  see  the 
propriety  of  paying  the  cost  of  preparing  their 
contributions  for  exhibition,  and  that  nearly 
or  quite  all  of  the  f  3o0  will  be  returned  in 
this  way. 

The  contributions  to  date  amounted  to 
$972,  and  were  made  by  fifty-two  individuals 
and  firms,  while  the  Society  comprises  nearly 
GOO  members. 


The  Committee  originally  estimated  the  ex-  done.    The    following    clause    is    from   this 

penses  of  the  Exhibit  at   $1,500,  but  believed  paper: 

it  important  to  raise    $2,U0O,  which  sum  will  Your  Committee,  thoroughly  convinced  of 

enable  them  to   publish  a  small  volume  de-  the   importance  of  raising  additional  funds, 

scriiitive  of  the  Exhibit,  with  brief  historical  now  send  the  enclosed  subscription  blank  in 

articles  on  American  Engineering.  accordance  with  this  vote.     Tliey  would  call 

The   Committee,   believing  that    they   are  special  attention  to  the  fact,  that  they  propose 

really  doing  an  important  work,  which  as  yet  to  publish   a  small  volume   in   English  and 

is  hardly  half  completed,  apijeal  to  the  Society  French,   which   shall  be   descriptive   of  the. 

and   to  all  who  are  interested  in-  American  Exhibit,  and  contain  brief  historical  narra- 

Eugiueering  for  additional  contributions.  tives  of  different  departments  of  American 

Alter  the  presentation  of  the  report,  it  was  Engineering.      The  additional    sub.scription 

ordered  by  the  Convention  that  a  subscrip-  will  enable  your  Committee   to   publish  this 

tion  paper  should  be  prepared  and  submitted  volume, 
to  Members  of  the  .Society,   which  has  been 
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MEMBERS. 

Dale  of  Election. 
BiLLiN,  Charles  E (Ad  milted  as  Junior,  April  5th,  1876),  Ast. 

Eng.    Geological    Survey   of    Penna., 

4039,  Locust  St.,  Philadelphia,  Pa. . .  .July     3,     1878. 
CrLovKR,  ( ).  ] Resident     Engineer,     Oroya     Railroad, 

T>ima,  Pern April     3,       " 

Hasei.l,  Ben  ii.ev  I) 317  Broadway,  New  York July      3,       " 

James,  Samcel  L New  Orleans  Pacific  R'y,  159  Common 

Street,  New  Orleans,  La May       i,       " 

KiNGSLEY,  Marvin  W.  .  .  .As't  Eng.  Waterworks,  354SuperiorSt., 

Cleveland,  O July      3,       " 

Melvin,   David  N Supt.   American    Linoleum    Mt'g    Co., 

New  Springville,  Richmond  Co.,  N.V. .      "        '•       " 
RoDD,   Thomas Pennsylvania  Company,  Pittsburgh,  Pa.. June      5,       " 

.\SSOCI.\TK. 

Andrews,  Edward  K    ...  10  Warren  St.,  New  Yori< June      5,    1878. 

CHANGES    and   CORRECTIONS. 

members. 

Abert  S.  Thayer U.S.  Civil  Engineer,  1907  Penna.  .\ve.,  Washington,  D.C. 

Bissell,   H Master  Maintenance  of  Way,  Eastern  R.R.,  Salem,  Mass. 

Chanute,  O • As't  Genl.  Supt.  and  Chief  Engineer,  New  York,  Lake 

Erie  &  Western  R'y,  187  West  Street,  New  York. 

Chesi'er,  Stei'HEN Room  6,  239  Broadway,  New  York. 

DiTNCKLEE,  John  B 1907  Penna.  Ave.,  Washington,  D.C. 

Godwin,  Bryant 19  East  Thirty-seventh  Street,  New  York. 
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Hall,  G.  Thomas Charlton,  Saratoga  Co.,  N.  Y. 

Harris,  Robert  L Chief  Engineer,  Canada  Central  Extension  R'y,  Pem- 
broke, Ontario,  Canada. 

Haven,  William  A Chief  Eng.  Brattleboro,  Wliitehall  R.  R.,  Brattleboro,Vt. 

Latcha,   J.  a Coldwater,  Mich. 

Meriwether,  Niles Chief    Eng.,    Natchez,    Jackson    &.    Columbus   R.  R., 

Fayette,  Jefferson  Co.,   Miss. 

"MoRSS,  Foster Engineer  for   Contractors,    Shenandoah   Valley    R.  R., 

Charleston,  Jefferson  Co.,  West  Va. 

Norman,  George  H Newport,  R.  I. 

Olney,  La  Fayette 33  Niagara  Street,  Buffalo,  N.  Y. 

Smith,  F.  H Eng.  and  Supt.,  Baltimore  Bridge  Co.,    13  German  St., 

Baltimore,  Md. 

Wurtele,  Arthur  S.  C.  .D.  &  H.  C.  Co.,  19  Jay  Street,  Albany,  N.  V. 

associates. 

Prout,   Henry  G Care  of  Railroad  Gazette,  73  Broadway,  New  York. 

Watkins,  Charles  D.  ...  118  East  115th  Street,  New  York. 

juniors. 

Bland,  John  C 265  South  Fourth  Street,  Philadelphia,  Pa. 

Burr,  Willia>i  H Pawling  Avenue,  Troy,  N.  Y. 

Hayes,  Edmund 11   Kremlin  Hall,  Buffalo,  N.  Y. 

Johnson,  L.  M Genl.  Mang.  Cairo  &  St.  Louis  R.R.,  520  Walnut  Street, 

St.  Louis,  Mo. 

Osgood,   Jos.  O Milton,  Mass. 

Whinery,  S Civil  Engineer,  Georgia  -Avenue,  head  of  Sixth  Street, 

Chattanooga,  Tenn. 
Whitlock,  Frank  W East  River  Bridge,  New  York. 

fellow. 
CoiT,  Edward  W 261  South  Fourth  Street,  Philadelphia,  Pa. 


deceased. 
ScHOTT,   C.   Ridgely Member July      9,    1878. 
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MINUTES    OF    MEETINGS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

July  3d,  1878.— The  Society  met  at  8  p.  ji.,  Vice-President  Eoberts 
iu  tlie  chair. 

The  ballot  iipon  admission  to  membership  was  canvassed,  and  the 
following  were  declared  elected  as  Members  :  Charles  E.  Billin  of  Phila- 
delphia, Pa.  (elected  Junior  April  5th,  1876)  ;  Bentley  D.  Hasell  of  New 
York  ;  Marvin  W.  Kingsley  of  Cleveland,  O.  ;  and  David  N.  Melvin  of 
Staten  Island,  N.  Y. 

July  17th,  1878. — -The  Society  met  at  8  p.  m.,  Charles  E.  Emery  in 
the  chair. 

A  paper  by  Theodore  Cooper,  entitled  "  Observations  on  the  stresses 
develoised  in  metallic  bars  by  applied  forces,"  was  read  by  the  Secretary, 
and  discussed  by  Messrs.  Blunden,  Bogart,  Emery,  Melvin,  North,  Eay- 
mond  and  Yardley. 

An  interesting  set  of  large  scale  drawings  was  exhibited,  which  had 
been  used  at  the  Institute  of  Civil  Engineers  in  London  to  illustrate  a 
paper  by  Thomas  C.  Clarke,  Member  of  the  Society,  and  which  had  been 
kindly  sent  to  this  Society. 


OF  THE  BOAED  OF  DIEECTION. 

May  1st,  1878. ^Applications  for  membership  were  considered.  Ap- 
propriations were  made.  Arrangements  for  the  Tenth  Annual  Conven- 
tion were  considered.  Financial  business  was  transacted  and  reinsurance 
of  Society  property  directed. 
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May  13th,  1878. — Action  was  taken  in  reference  to  the  transmission 
to  Members  of  tlie  report  of  tlie  Committee  on  Tests  of  Iron  and  Steel. 
Additional  arrangements  for  tlie  Convention  Tvere  made. 

Mat  29th,  1878. —Applications  for  membership  were  considered. 

June  5th,  1878. — Final  arrangements  for  the  Convention  were  made. 

July  3d,  1878. — Apjjlications  for  membership  were  considered.  Ap- 
propriations were  made. 


.MEMOIRS  OF  DECEASED  MEMBERS  OF  THE  SOCIETY. 


G.  W.  R.  BAYLEY,  Member  A.  S.  C.  E. 

Died  December  14,  IS'ZG. 

Geoege  WrLLiAM  Eead  Baylet,*  was  born  at  Saratoga,  in  the  State 
of  New  York,  on  the  30th  November,  1821. 

He  was  the  son  of  G.  W.  Bayley,  a  descendant  of  the  early  settlers  of 
New  England,  and  who,  at  the  age  of  four  score  years,  still  survives 
him. 

He  early  exhibited  an  aptitude  for  mathematics,  and  was  sent  to  the 
Eensselaer  Institute  at  Troy.     He  graduated  in  the  class  of  1838. 

His  first  employment  was  immediately  after  graduation,  upon  the 
railway  from  Albany  to  Buffalo,  in  his  native  State.  But  his  health  giving 
way,  he  went  to  sea,  and  spent  two  years  in  a  tour  round  the  world. 

Upon  his  return  he  was  employed  iipou  the  construction  of  the  State 
prison  at  Clinton,  New  Y'ork.  It  was  while  thus  engaged  that  Gen.  P. 
O.  Hebert,  at  that  time  Chief  Engineer  of  the  State  of  Louisiana,  ten- 
dered him  a  place  as  assistant  engineer,  which  he  resolved  to  accept. 
He  took  up  his  residence  at  Baton  Rouge,  which  was  then  the  capital  of 
the  State,  and  served  as  Assistant  State  Engineer,  under  two  chief  en- 
gineers, in  succession,  till  the  year  1852. 

The  duties  of  this  office  were  jDeculiar,  and  limited  to  the  hydrography 
of  the  Mississippi  River.  Naturally  of  an  investigating  turn  of  mind,  ho 
entered  upon  the  discussion  of  some  of  the  most  difficult  and  abstruse 
problems  of  hydrodynamic  science.  This  Avas  the  beginning  of  his  study 
of  the  physics  of  the  Mississippi. 

A  new  dii'ection  was  given  to  his  studies  by  his  election  as  Chief  En- 
gineer of  the  New  Orleans  and  Opelousas  Railroad,  which  office  he  held 
for  nearly  ten  years. 

*  Committee  to  prepare  Memoir,  W.  M.  Roberts,  E,  L.  Corthell,  C.  G.  Forshey. 
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He  then  acted  as  City  Surveyor  of  the  City  of  New  Orleans,  and  was 
subsequently  again  chosen  Engineer  of  the  New  Orleans  &  Opelousas 
Railroad,  and  continued  as  Superintendent  and  Engineer  till  its  purchase 
by  Charles  Morgan,  when  he  was  appointed  Assistant  •  Chief  Engineer 
and  Superintendent  of  the  New  Orleans  &  Chatauooga  Road.  The  con- 
struction of  the  road  from  New  Orleans  to  Mobile,  particularly  the  re- 
newal of  the  bridges  on  that  route,  demanded  the  best  efforts  of  the  rail- 
road engineer. 

There  now  occurred  a  collision  of  duty,  to  which  the  railroad  engi- 
neer is  no  stranger,  and  in  which  Mr.  Bayley  lost  his  position  by  his 
devotion  to  duty.  The  specifications  of  the  contract  in  grading  the  track 
across  the  Atehafalaya  Basin,  were  such,  that  the  contractor  must  lose 
money,  or  slight  his  work.  As  Mr.  Bayley's  inflexibility  in  exacting  the 
proper  performance  of  work,  was  in  the  way,  he  was  removed  in  1872^^3. 

It  was  at  this  time  of  relaxation  that  he  wrote  the  "History  of  Rail- 
roads in  Louisiana,"  a  work  of  great  research  and  labor. 

His  maniTscrijjts  were  published  in  numbers  in  the  "Picayune "  news- 
paper. Thus  far  it  has  not  been  put  into  more  permanent  form,  though 
containing  reliable  information. 

When  the  contract  was  made  by  Congress  for  the  improvement  of  the 
South  Pass  of  the  Mississsp^Di  by  jetties,  Mr.  Bayley  was  selected  by 
Capt.  Eads  as  Resident  Engineer,  and  as  such,  continued  till  his  death. 
He  was  a  believer  in  the  ultimate  success  of  this  method  of  obtaining 
deep  water  to  the  sea. 

Mr.  Bayley's  professional  papers  are  marked  by  solidity  and  research. 
He  wrote  the  article  on  the  Mississippi  in  "  Appleton's  Cyclopedia."  In 
1875-6,  he  served  the  Louisiana  Levee  Company,  as  Engineer  and  Com- 
missioner of  Levees,  concurrently  with  the  duties  of  Resident  Engineer 
of  the  jetties,  which  functions  he  held  till  his  death.  He  there  prepared 
the  article  upon  "Levees,"  for  "  Johnson's  Cyclopedia,"  and  the  one  upon 
the  same  subject,  published- since,  in  the  Transactions  of  this  Society. 

Mr.  Bayley  undertook  too  much,  and  overestimated  his  health.  He 
was  for  three  years  a  member  of  the  Board  of  Health  for  New  Orleans, 
1873  to  1876,  and  as  such,  entered  with  much  earnestness  into  the  ques- 
tion of  disinfection.  To  him,  as  the  auxilliary  of  Dr.  White,  is  due, 
more  than  to  any  other  citizen,  the  exemption  of  the  city  from  epidemics. 
He  wrote  an  able  paj^er  analyzing  the  results  of  the  use  of  disinfectants. 

Mr.  Bayley  was  a  member  of  the  House  of  Representatives  from  the 
City  for  two  years,  1874-6  ;  and  was  an  active  and  efl&cient  legislator. 
At  the  same  time  he  was  serving  the  jetties  of  the  South  Pass  as  Engi- 
neer, and  was  Engineer  and  Commissioner  of  Levees.  Each  of  these 
might  have  been  the  business  of  one  man.  All,  were  more  than  any  man 
coiald  discharge  without  taxing  inordinately  his  powers.  Doubtless 
they  told  uj^on  his  constitution,  and  aided  to  undermine  it. 

It  will  be  seen  that  Mr.  Bayley's  was  a  very  active  and  busy  life,  and 
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that,  for  nearly  the  whole   of  his  thirty  years  in  Louisiana,  he  was  en- 
gaged with  public  trusts  and  great  enterprises. 

Mr.  Bayley's  habits  of  life  and  demeanor  as  a  citizen  were  above  re- 
proach. Interested  in  all  that  transpired,  yet  never  mingling  in  the  ex- 
citing contests  of  politics  ;  and  like  most  men  of  his  religious  persuasion, 
he  was  singularly  free  from  all  excesses  in  word  or  deed.  He  was  a  firm 
believer  in  the  doctrines  of  the  "New  Jerusalem  "  church,  as  taught  by 
Emanuel  Swedenborg. 

Mr.  Bayley  was  twice  married,  first  in  1842  in  New  York,  and  again, 
iu  1851  to  Miss  Harriet  Laws  of  Atakapas,  La. 

For  a  few  days  jjrior  to  his  death,  he  felt  imwell,  and  did  not  go  to 
his  office  duties,  but  sent  for  his  MSS.  to  finish  an  article  he  was  prepar- 
ing for  this  Society. 

He  died  quite  suddenly,  December  14th,  1876,  leaving  a  reputation 
and  example  of  a  pure  and  devoted  life. 


JAMES  P.  KIRKWOOD,  Member  anil  Past  President  A.  S.  V.  E. 

Died  April  22d,  1877. 
James  P.  Kiekwood,*  was  born  in  Edinburgh,  Scotland,  March  27, 
1807.  He  was  put  to  school  very  early,  in  1815  was  sent  to  an  academy 
at  Galashiels,  and  in  1818  to  Rotterdam,  Holland,  and  returned  home 
after  the  lapse  of  a  little  over  a  year,  having  acquired  considerable 
fluency  in  the  Dutch  language,  and  some  knowledge  of  Fi-ench.  He  now 
entered  his  father's  store,  where  he  remained  till  the  fall  of  1821,  when  he 
was  apprenticed  to  Thomas  Granger,  land  surveyor,  who  soon  associated 
with  himself  a  Mr.  Miller,  the  firm  acquiring  a  large  practice  as 
civil  engineers.  Mr.  Kirkwood  served  the  first  term  of  his  apprentice- 
shijj,  and  remained  Avith  the  firm  as  an  assistant  till  early  in  1832,  when 
he  began  business  for  himself  in  Glasgow,  but  thinking  that  the  opening 
for  a  civil  engineer  was  better  in  this  country,  he  came  here  in  the 
summer  of  the  same  year.  Provided  with  letters  to  Wm.  Gibbs  McNeil 
(then  and  for  a  long  time  subsequently  a  railway  engineer  of  the  largest 
practice),  he  commenced  under  McNeil  with  the  location  of  the  Norwich 
&  Worcester  Railroad  ;  was  thence  transferred  to  the  Boston  it  Provi- 
dence Railroad,  and  subsequently  to  the  Stonington  A:  Providence  Rail- 
road as  Resident  Engineer.  Still  later  he  became  the  Resident  Engineer 
on  the  Long  Island  Railroad,  which  was  opened  to  Hicksville  in  1837. 
In  1839  he  was  engaged  on  the  preliminary  works  of  Flynn's  Knoll 
Light  House,  New  York  harbor,  under  the  orders  of  the  U.  S.  Engineers. 
This  was  a  most  laborious  work,  requiring  his  residence  at  the  quai'ries 
iu  the  State  of  Maine  for  a  great  part  of  the  time,  alternating  with  his 
personal  supervision  of  the  construction  of  the  coffer  dam  and  founda- 
tions in  the  harbor.     The  storms  of  the  winter  damaged  the  works  very 


*  Committee  to  prepare  Memoir,   A.  W.  Ciaven,  J.  W.  Adams,  Wm.  E.  Wortheii,  Jas.  b. 
JErancis. 
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seriously,  and  the  Government  suspentled  operations,  wliieli  liave  never 
lieen  resumed, 

In  the  spring  of  1840  his  services  were  called  for  on  the  mountain 
division  of  the  Western  Railroad  of  Massachusetts,  on  which  he  was  en- 
gaged as  Resident  Engineer  until  its  completion,  in  the  fall  of  1843. 
Between  this  date  and  his  taking  charge  of  the  location  and  construction 
of  the  Si^riugtield  and  Northamj^ton  Railroad,  he  was  engaged  in  the  prep- 
aration of  plans  and  construction  of  the  Delavan  House,  in  Alhaiiy,  at 
that  time  regarded  as  a  work  of  some  magnitude.  His  health  recpiiring 
a  more  genial  climate,  led  to  his  acceptance  from  the  U.  S.  Government 
of  the  position  of  Engineer  for  the  Construction  of  Docks,  Hosj^ital, 
Workshops,  and,  in  fact,  all  the  appurtenances  required  in  a  great  naval 
dejiot,  then  projected  atPeusacola,  Florida.  He  continued  on  this  work 
until  the  suspension  of  the  appropriations  by  the  Government  for  its  con- 
tinuance, in  May,  1847.  The  New  York  and  Erie  Railroad  having  un- 
dertaken the  construction  of  a  stone  arched  viaduct  on  the  line  of  that 
road,  of  16  arches,  of  50  feet  span  each,  and  100'  feet  high,  and  it  being 
apparent  that  unless  it  was  built  in  one  season,  the  opening  of  the  road 
for  travel  would  be  seriously  delayed,  he  was  solicited  to  take  charge  of 
that  work  as  Sux^erintendent,  and  carry  it  to  comiDletion  by  days'  labor, 
which  he  accomplished  in  December,  1848 — an  unprecedented  piece  of 
work  to  be  accomplished  in  one  working  season.  This  led  to  his  ap- 
pointment as  General  Superintendent  of  the  Erie  Railroad,  and  in  this 
l)osition  he  introduced  many  radical  changes,  resulting  in  great  imjjrove- 
nients  in  the  running  of  the  railroad,  and  which  have  been  adopted  on 
other  roads  in  this  country  without  acknowledgment — notably,  the  run- 
ning of  trains  by  telegraph,  introduced  by  him.  His  di.'termination  to 
make  this  great  road,  so  far  as  the  operation  of  his  department  tended, 
Avhat,  from  it  leading  position  in  connection  with  the  West  and  the  great 
metropolis,  it  was  designed  to  be,  led  to  opposition  from  men  in  office, 
Avho  did  not  possess  the  breadth  of  view  essential  to  the  appreciation  of 
the  scope  of  his  efforts  ;  and  failing  the  proper  support  from  them,  he 
resigned  the  charge  of  the  road  to  accept  the  position  of  Chief  Engineer 
of  the  Missouri  Pacific  Railroad  in  1850.  Perfecting  the  surveys  and 
construction  of  that  road  as  far  as  the  means  of  the  company  permitted, 
he  returned  to  New  York  in  1855.  Still  retaining  connection  with  that 
road  as  Consulting  Engineer,  he  took  charge  imder  the  Croton  Depart- 
ment of  the  work  of  lowering  and  moving  horizontally  the  great  water 
main  in  Eighth  avenue  into  a  rock  cut,  without  cutting  oft'  or  interrupt- 
ing the  supply  of  the  water  to  the  city  through  the  main — a  work  of  great 
delicacy.  In  June,  1856,  he  received  the  apj)ointment  of  Chief  Engineer 
of  the  Nassau  Water  Works,  Brooklyn,  and  continued  in  the  office  until 
its  completion  in  1860.  He  visited  Europe  at  this  time  on  account  of 
his  health,  and  remained  a  winter  in  the  south  of  France,  but  with  little 
permanent  benefit.  Unwilling  to  lose  the  benefit  of  his  advice  in  the 
first  management  of  the  work,  the  Commissioners  of  Nassau  Water  Works 
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wished  to  retain  his  services  as  Consulting  Engineer,  which  he  accepted 
only  on  condition  that  it  should  be  without  salary.  During  this  time 
he  investigated  and  reported  upon  the  subject  of  lead  poison  in  water 
pipes,  and  held  very  positive  views  upon  that  subject.  He  was  consulted 
by  the  Erie  Railroad  Company  in  reference  to  the  Bergen  Tunnel,  at 
Jersey  City,  which  he  completed,  as  a;lso  on  the  arrangements  of  ferries 
and  Long  Dock.  He  served  as  Commissioner  (1859)  on  the  raising  the 
High  Bridge  at  Carmansville  Croton  Aqueduct ;  also,  in  1860,  on  a  com- 
mission for  location  of  terminal  depot  at  Hunter's  Point,  Long  Island 
Railroad.  He  rejiorted  to  the  Long  Dock  Company,  on  a  system  of 
docks  and  ferries,  embracing  elevators  and  floating  docks  of  iron  for  the 
recejDtion  and  handling  of  grain.  Again  his  health,  in  1863,  required 
him  to  travel,  a^id  in  1864  he  devoted  some  time  to  the  Murray  Hill  dis- 
tribution, Croton  Water  Works  ;  and  with  Messrs.  G.  R.  Baldwin  and 
J.  W.  Adams,  made  an  examination  and  report  on  the  entire  line  from 
Fishkill  to  Boston,  of  the  Boston,  Hartford  and  Fishkill  Railroad.  He 
was  also  consulted  on  the  location  of  high  service  reservoirs  and  punqj- 
ing  engines  at  High  Bridge,  Croton  Water  Works. 

In  March,  1865,  he  made  extensive  examinations  and  exhaiistive  report 
on  the  subject  of  the  Water  Works  of  Cincinnati ;  and  also,  in  the  same 
year,  made  similar  examination  and  report  on  the  Water  Works  of  St. 
Louis,  the  Water  Commissioners  of  the  latter  city  authorizing  him  to 
visit  Europe,  and  examine  and  report  upon  the  various  methods  of  filter- 
ing water  for  city  use  pursued  in  the  cities  of  Great  Britain  and  the 
Continent.  He  returned  in  September,  1866,  and  the  result  of  his 
labors  apj^ears  in  an  elaborate  published  report,  with  copious  illustrations 
of  the  methods  pursued  in  the  principal  cities  of  Europe  for  purifying 
city  water.  This  work  serves  as  a  text-book  for  engineers  in  this  branch 
of  hydraulics.  While  in  London,  on  this  visit,  he  examined  and  report- 
ed to  aome  interested  citizens  of  New  York,  upon  the  underground  rail- 
ways of  London,  and  their  working.  He  also  reported  on  the  Bergen 
Tunnel,  and  returned  to  St.  Louis  to  examine  and  report  upon  the  loca- 
tion of  pumping  stations  for  that  city,  with  settling  basins  and  a  high 
reservoir  service,  the  basis  of  the  present  water  Avork  construction  for 
that  city.  Being  offered  the  position  (April,  1867)  of  Chief  Engineer,  to 
carry  out  his  lalans,  he  declined,  accepting  the  position  of  Consulting 
Engineer,  with  the  privilege  of  making  his  own  selection  of  Chief  En- 
gineer and  Assistant,  being  responsil^le  for  the  work,  but  retired  from 
the  immediate  supervision.  All  the  important  structures  were  built  from 
his  designs,  or  plans  approved  by  him.  This  embraced  the  pumping 
engine  and  specification  for  the  same.  At  this  time  he  Avas  consulted  on 
the  designs  of  the  third  Ridgewood  engine,  Brooklyn  Water  Works,  and 
it  Avas  designed  imder  his  direction. 

In  1868,  still  in  the  employ  of  tlie  Water  Commission  of  St.  Louis, 
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lie   -was    consulted    on  various   water  works— Pittsburg,  Pa.,  Portland, 
Maine,  and  Salem,  Mass. 

In  1869  lie  rejiorted  on  the  extension  of  tlie  Brooklyn  Water  Works 
by  the  construction  of  additional  reservoirs.  In  the  same  year  he  was 
appointed  Consulting  Engineer  of  the  Water  Works  of  Poughkeeiisie, 
N.  Y.  ;  in  1870,  of  the  Water  Works  at  Lowell,  Mass.  ;  in  1871,  of  the 
Water  Works  at  Fall  Elver,  Mass.  ;  in  1873,  of  the  Water  Works  of  Law- 
rence, Mass.  In  1872  he  made  a  reijort  on  the  additional  supply  of  water 
for  the  city  of  Albany,  N.  T.,  and  afterwards  had  charge  of  the  construc- 
tion of  the  works.  In  the  same  year  he  drew  up  the  specifications  for 
the  construction  of  the  storage  reservoir,  Hempstead,  L.  I.  In  1873  he 
made  investigations  and  report  on  new  water  works  for  Hoboken  and 
Weehawken.  In  1874,  in  conjunction  with  Mr.  James  B.  Francis,  he 
made  a  report  on  the  additional  sujij^ly  for  the  city  of  Boston,  and  in  the 
same  year  an  examination  and  rejiort  upon  the  drainage  of  the  low  lands 
in  Hoboken,  invohing  the  use  of  pumjiing  machinery  to  lift  the  contents 
of  the  sewers  to  the  level  of  tide.  In  1875  he  made  an  extended  exami- 
nation and  report  to  the  Massachusetts  State  Board  of  Health  on  the 
jiollution  of  rivers.  In  1876  he  made  a  report  on  the  necessity  and  means 
of  economizing  the  water  supply  ol  Lynn,  Mass. 

The  above  List  of  reports  made  aad  works  constructed  is  necessarily 
imperfect.  In  the  earlier  years  of  his  practice,  Mr.  Kirkwood  kept  a 
diary,  but  latterly  the  memoranda  were  desultory  and  imiDerfect.  The 
list  is,  therefore,  made  up  from  jiublished  reports,  and  from  the  recollec- 
tion of  your  committee,  who  were  all  more  or  less  associated  with  him  in 
business.  He  was  often  on  commissions  for  the  testing  of  pumping  en- 
gines, for  advice  on  constructions,  and  few  of  the  water  works  for  the 
large  cities  have  been  undertaken  or  carried  out  without  consultation 
with  him. 

In  Mr.  Kirkwood's  life  may  be  traced  the  beginning  and  growth  of 
our  engineering  profession.  He  commenced  in  1821  by  entering  the 
office  of  a  land  surveyor,  when  the  distinction  of  civil  engineer  was 
hardly  known  ;  he  began  with  dragging  the  chain  and  the  usual  oflSce 
work  of  the  land  surveyor  ;  but  in  the  call  for  further  works  the  land 
surveyors  became  a  firm  of  civil  engineers,  with  large  practice  in  railways 
and  canals.  By  11  years  of  industry  with  this  firm  Mr.  Kirkwood  had 
acquired  a  practical  knowledge  of  the  jirofession  as  it  then  was,  and  after 
a  short  trial  by  himself  in  Glasgow  he  started  for  this  country,  where  he 
trusted  his  knowledge  might  be  of  value.  In  this  he  was  not  disap- 
liointed  ;  from  the  valued  assistant  of  Major  McNiel  he  passed  to  the 
charge  of  varied  works — filling  most  imjiortant  offices,  esi^ecially  in  the 
department  of  railway  engineering,  in  Avhich  he  occupied,  at  times,  dif- 
ferent grades  and  duties,  as  assistant,  chief  and  consulting  engineer, 
once  on  the  Missouri  Pacific,  as  contractor,  and  lastly  on  the  Erie  railroad, 
acting  as  General  Superintendent  and  taking  charge  of  the  running  of 
the  road.      Up  to  1855  Mr.  Kirkwood's  labors  were  almost  entirely  con- 
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fined  to  railway  engineering,  and  lie  was  considered  at  the  head  of  his 
profession.  Having  been  called,  by  Mr.  A.  W.  Craven,  to  the  charge  of 
some  Avork  in  the  Croton  Department,  which  was  siiccessfvdly  executed, 
on  the  determination  of  the  City  of  Brooklyn  to  construct  water  works 
he  was  made  the  Chief  Engineer.  With  this  appointment  his  attention 
was  almost  entirely  diverted  to  water  works  for  the  supplies  of  cities  and 
towns.  This  branch  of  the  profession,  at  that  time,  was  but  little  studied, 
and  its  demands  very  limited,  but  Mr.  Kirkwood  brought  to  it  that  won- 
derful perseverance  and  industry  which  had  given  him  his  position  in 
the  railway  branch.  His  life  had  always  been  an  eminently  iJractical 
one  ;  there  were  no  schools  m  his  youth  where  even  the  rudiments  of  the 
profession  could  be  studied  ;  ijublic  works  which  might  serve  for  prece- 
dents were  few  and  the  knowledge  of  them  but  little  diffused.  Soon  the 
demands  of  the  times  and  the  needs  of  the  profession  increased  beyond 
the  precedents  ;  works  were  undertaken  and  constructed  on  the  basis  of 
the  best  pommon  sense  of  the  time,  and  the  theory  of  construction  fol- 
lowed after.  When  he  entered  upon  the  construction  of  water  works  for 
cities,  as  in  his  first  commencement  on  railways,  examples  were  few,  and 
the  literature  connected  with  this  branch  very  meagre.  Mr.  Kirkwood 
made  thorough  inspection  of  what  had  been  done,  both  here  and  abroad, 
and  secured  all  books  j)ertinent  to  the  subject ;  he  has  left  constructions 
which  will  long  stand  as  precedents,  and  has  enriched  the  literature  by 
valuable  memoirs  and  reports.  From  his  nature  and  education  he  was 
eminently  conservative,  and  it  required  sti'ong  proofs  of  economy  in  con- 
struction and  maintenance  to  make  him  give  up  old  and  well  tried  modes 
or  machines.  He  never  adopted  a  theory  merely  because  it  was  novel, 
or  to  obtain  credit  for  its  introduction  ;  nor  made  exiiensive  experiments 
at  the  cost  of  parties  employing  him.  Safety  was  a  lai-ge  factor  in  his 
constructions,  and  he  preferred  the  credit  of  doing  better  what  had 
already  been  executed  to  sti'iking  out  new  and  uncertain  paths.  Yet, 
with  a  full  knowledge  of  precedents,  it  was  not  a  blind  following,  and 
the  improvements  introduced  by  him  have  been  many  and  gradual ;  the 
growth  was  strong  and  natural.  He  early  introduced  the  coating  of 
water  mains,  and  the  improvements  of  pumicing  engines  have  been  largely 
due  to  his  approval.  During  the  last  25  years  of  his  life  Mr.  Kirkwood 
was  an  invalid,  but  the  works  undertaken  during  that  time  show  no  fee- 
bleness in  design  nor  execution,  and  in  numl)er  and  importance  they 
exceed  those  of  any  other  engineer  in  his  line  in  the  country.  Called  as 
an  advisory  engineer  on  the  Lynn  Water  Works,  near  the  close  of  his 
life,  and  confined  to  his  hotel  by  severe  cold  weather,  the  President  of 
the  Board  remarked,  after  an  interview  -with  him,  "  that  it  was  a  wonder 
to  him  that  one  so  reduced  in  strength  could  command  the  great  store  of 
facts  and  principles  his  life  time  had  gathered  and  so  readily  apply  them 
to  the  matter  in  hand,"  and  this  we  think  to  have  been  the  universal 
sentiment  with  all  those  with  whom  he  was  brought  into  contact.     He 
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gave  the  conviction  of  a  tliorougli  knowledge  of  his  subject,  acqnired  by 
long  practice  and  extended  reading,  and  a  sterling  honesty,  in  the  state- 
ment of  his  views  and  recommendations. 

Mr.  Kirkwood  was  the  second  President  of  the  American  Society  of 
Civil  Engineers,  and  Avell  known  to  most  of  its  members,  and  especially 
to  the  members  of  this  committee — life  time  friends  who,  from  their  in- 
timate relations  with  him,  both  professionally  and  socially,  conld  appre- 
ciate him,  both  as  an  engineer  and  as  a  man  with  a  ^professional  knowledge 
based  on  strong  common  sense,  and  extended  by  close  observation  and 
unwearied  industry  ;  he  was  extremely  sensitive  about  placing  himself 
under  any  financial  obligations,  and  modestly  underrated  the  value  of  his 
own  services.  The  counsel  of  no  one  could  be  more  safely  trusted  than 
that  of  Mr.  Kirkwood,  as  he  had  the  elements  which  go  to  make  up  a 
safe  counsellor — modesty,  capacity  and  integrity. 


CHAKLES  S.  EMACK,  Member  A.  S.  C.  E. 

IMed  July  26th,  18VY. 

Chakles  S.  Emack*  was  born  in  April,  1834,  in  the  Town  of  Lam- 
bertville,  New  Jersey,  and  died  July  26th,  1877, 

He  had  the  advantages  of  a  good  education,  nnder  the  instruction  of 
the  late  Samuel  H.  Parsons,  a  thorough  teacher,  and  practical  mathe- 
matician. 

In  1852  or  '3  Mr.  Emack  was  taken  on  to  the  Belvidere  railroad  by  Mr. 
Ashbel  Welch,  and  continued  thereon  during  its  construction. 

In  1857  Mr.  Emack  entered  the  service  of  the  Hazleton  Coal  and  Rail- 
road Company,  under  Martin  Coryell ;  but  his  health  was  not  sufficient  to 
withstand  the  laborious  work  of  mountain  surveys,  and  the  damj)  under- 
ground work  of  the  mines,  and  he  left,  to  find  more  congenial  employ- 
ment under  Mr.  Thomas  Seabrook  ;  and  in  January,  1859,  entered,  in 
the  capacity  of  a  rodman,  upon  the  surveys  and  estimates  of  the  Pitts- 
burgh &  Steubenville,  and  Chartiers  Yalley,  Hempfield,  Marietta  &  Cin- 
cinnati Eailroads,  and  two  or  three  other  lines  or  branches  of  railways. 

In  1861  Mr.  Emack  took  charge  of  the  Steubenville  extension  of  the 
Pennsylvania  Eailroad,  as  principal  Assistant  Engineer,  and  left,  in  1865, 
to  take  charge  of  the  masonry  on  the  connecting  railroad  of  Philadelphia, 
and  remained  until  the  completion  in  1867. 

In  1868  he  went  with  Mr.  Thomas  Seabrook  to  Baltimore  and  acted 
as  Chief  Engineer  of  the  Baltimore  &  Potomac  Railroad. 

In  1872  his  health  so  failed  him  that  he  had  to  resign  his  charge  and 
seek  rest  and  quiet. 

In  so  doing  he  sought  the  mild  climate  of  Virginia,  and  there  found 
a  -wife  who  was  willing  to  take  upon  herself  the  care  of  an  invalid,  and 
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tliose  wlio  knew  tlie  kind  disposition  and  the  sterling  integrity  of  Mr- 
Eniack  are  not  surprised  tliat  his  declining  health  found  a  kind  and 
sympathising  heart  to  share  with  him  the  burdens  of  life. 

Mr.  Emack  was  not  conspicuous  as  an  engineer  beyond  the  immediate 
vicinity  of  his  work,  but  his  faithful  attendance  to  the  duties  assigned 
him  ever  commanded  the  respect  of  those  with  whom  he  was  associated. 

Had  his  health  been  spared  he  would  have  contributed  largely  to  the 
general  information  of  our  profession,  for  his  industry  and  indefatigable 
zeal  filled  his  note  books  with  facts  and  figures  and  the  j^ractical  results 
of  every  day's  exjierience  in  interesting  works. 


ROBERT  L.  COOKE,  Member  A,  S.  C.  E. 

Died  August  11th,  187Y. 

RoBEKT  Latimek  Cooke,*  was  born  at  "Williston,  Vermont,  on  June 
'27th,  1809.  He  was  graduated  at  Middlebury  College,  in  his  18th 
year,  and  afterwards  was  admitted  to  the  Bar.  He  soon,  however,  sur- 
rendered the  lii'actice  of  law  and  devoted  himself  to  teaching,  first  at 
Stanton,  Virginia,  and  afterwards  for  twenty  years  at  Bloomtield,  New 
Jei^ey. 

H^  then  entered  the  service  of  the  Lehigh  Coal  and  Navigation  Com- 
pany, as  an  Assistant  Engineer,  and  for  a  number  of  years  was  employed 
in  surveys  of  the  lands  of  the  company,  and  the  construction  of  its  roads. 
A  history  of  this  company  and  its  works  was  contiubuted  by  him  to  the 
Society,  on  April  19th,  1876.  Subsequently  he  held  the  position  of 
Superintendent  of  Construction  of  the  Lake  Champlain  &  Moriah  Rail- 
road, in  the  State  of  New  York. 

In  1871  he  was  ai^pointed  an  Assistant  Engineer  on  the  Topographi- 
cal Surveys  of  the  southern  portion  of  Westchester  County,  since  an- 
nexed to  New  York  City.  This  work  was  under  the  control  of  the  De- 
partment %f  Public  Parks,  and  he  remained  in  the  employ  of  that 
Department  as  a  Division  Engineer,  on  the  laying  out  of  the  new  wards, 
and  later  as  assistant  in  the  preparation  of  plans  fer  a  new  iron  bridge 
across  the  Harlem  River,  until  his  death,  which  occurred  on  August 
11th,  1877,  and  which  was  caused  by  his  being  washed  overboard  in 
crossing  Eire  Island  bar,  on  the  Long  Island  coast. 

Mr.  Cooke  possessed  extraordinary  vigor,  both  mental  and  physical, 
an  unvisually  cheerful  disposition,  and  a  warm  and  affectionate  heart. 
His  industry  and  earnestness  in  any  work  on  which  he  was  engaged,  were 
the  natural  results  of  the  conscientiousness  and  deep  religious  principles 
which  actuated  his  whole  life.  Whatever  fell  to  his  lot  to  perform,  was 
done  carefully,  intelligently,  and  thoroughly.     His  hours  of  relaxation 
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were  spent  in  what,  to  many  younger  and  less  active  men,  wonkl  have 
been  arduous  work.  During  the  last  two  years  of  his  life  he  devoted  his 
evenings  to  the  illustration  of  a  Avork  on  Conchology,  by  finely  executed 
pen  and  ink  drawings,  and  to  the  last  he  kept  up  the  reputation  he  had 
deservedly  acquired  among  his  friends,  of  an  accomplished  and  thorough 
musician. 

He  was  elected  a  member  of  this  Society  April  17th,  1872,  and  alwaya 
displayed  great  interest  in  its  progress  and  the  preservation  of  a  sound 
policy  in  its  management. 


W1LLIA3I  B.  OGDEN,  Fellow  A.  S.  C.  E. 

Died  August  3d,  1877. 

WrLLiAJi  B.  0»DEN*  was  born  in  Walton,  Delaware  County,  New 
York,  June  15th,  1805,  and  died  August  3d,  1877,  at  Boscoliel,  New  York 
City.  Descended  fi'om  parents  and  ancestors  distinguished  for  their  in- 
tellectual and  social  characteristics,  as  well  as  honorable  official  positions, 
Mr.  Ogden  naturally  began  to  value  mental  culture  when  quite  young. 
With  a  remarkably  vigorous  and  healthy  body,  and  the  uSual  fondness 
for  boyish  sports,  he  early  manifested  a  love  of  study,  and  was  preparing 
to  enter  college  with  the  view  of  making  law  his  profession  when,  at  the 
age  of  sixteen,  he  was  compelled,  by  the  death  of  his  father,  to  change 
his  plans.  He  at  once  took  charge  of  the  family  estate,  and  exhibited  ^ 
extraordinary  prudence,  judgment  and  energy  in  the  management  of 
affairs. 

He  supervised  the  cutting  down  of  large  tracts  of  timber  in  his  native 
county,  and  the  floating  of  it  down  the  Delaware  river  to  Philadelphia. 
This  and  other  business  transactions  brought  him  in  contact  with  some 
of  the  leading  men  of  the  day,  and  gave  him  more  enlarged  views  of  the 
commerce  and  condition  of  the  country  than  most  persons  of  riper  years- 
l^ossessed.  At  that  time  a  journey  on  a  raft  from  Delaware  County  to 
Philadelphia  was  a  much  more  formidable  aft'air,  as  regards  time'  and 
danger,  than  a  voyage  across  the  ocean  is  now.  Then  there  was  not  a 
mile  of  railroad  in  the  country,  and  but  few  portions  of  it  jjossessed  good 
turnpikes.     Canals  and  steamboats  existed  to  a  very  limited  extent. 

At  eighteen.  Mi*.  Ogden  was  made  Brigade  Inspector  of  the  State 
militia,  and  continued  to  serve  as  such  for  several  years.  At  twenty-one 
he  was  received  into  ijartnershii)  by  an  important  commercial  house.  At 
twenty-nine  he  was  sent  to  the  Legislature  of  his  native  State,  and  made 
masterly  efforts  to  secure  the  construction  of  the  Erie  Railroad.  Al- 
though the  bill  did  not  pass  that  session,  it  did  the  next. 

Mr.  Ogden's  comprehensive  views  led  him  to  see  much  farther  than 
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most  men  into  the  future  wants  and  condition  of  the  country;  His  faitli 
in  the  early  and  rajDid  opening  up  of  the  great  West  was  such  that  he  in- 
vested largely  in  real  estate  in  Chicago,  to  which  place  he  removed  his 
i-esidence  in  1835. 

The  same  effective  participation  which  Mr.  Ogden  took  in  luiblic 
affairs  in  the  East  did  not  diminish  when  he  removed  West,  and  it  natu- 
I'ally  made  him  very  jiopular,  so  that  when  Chicago  was  first  incorpo- 
rated as  a  City  in  1837,  he  was  elected  Mayor.  He  looked  carefully  into 
such  projects  as  promised  to  benefit  his  ado^^ted  City  and  the  Southwest, 
and  was  specially  active  in  encouraging  the  construction  of  the  Illinois  & 
Michigan  Canal. 

He  took  the  most  prominent  2^art  in  the  commencement  of  the  Chicago 
k  Galena  Railroad,  and  pledged  his  private  fortune,  with  one  or  two  others, 
for  its  completion  as  far  as  Elgin,  when  capital  was  exceedingly  scarce 
in  the  west,  public  faith  in  the  financial  success  of  the  undertaking  dis- 
couragingly  weak,  and  the  ojiposition  of  suj^xjosed  rival  interests  very 
strong.  When  the  panic  of  1836-7  i^rostTated  public  and  private  enter- 
prise, Mr.  Ogden  was  suddenly  overwhelmed  with  a  crushing  load  of 
obligations  he  could  not  meet,  owing  to  the  greatly  depreciated  A'alue  of  ' 
his  property.  His  sense  of  honor  and  integrity,  however,  and  the  con- 
fidence of  his  friends  in  him,  was  sirch  that  in  a  few  years  he  met  fully 
every  claim  against  him.  He  also  exerted  his  utmost  influence  by  public 
addresses  and  private  convei*sation,  to  arrest  the  almost  universal  ten- 
dency to  rejoudiate  State  and  municii:)al  indebtedness,  and  had  the  satis- 
faction of  seeing  his  views  prevail. 

During  the  long  iDrostration  of  the  West,  between  1837  and  1843,  Mr. 
Ogden's  hopefulness  of  a  j)rosi)erous  future  did  not  desert  him,  but  led 
him  to  great  activity  in  devising  both  public  and  private  enterprises,  and 
aiding  to  carry  them  out.  He  labored  successfully  with  those  who 
caused  a  resumption  in  1843,  of  work  on  the  Illinois  A:  Michigan  Canal, 
which  was  completed  in  April,  1848.  He  also  succeeded,  by  the  i)ur- 
chase  of  an  old  Indiana  charter,  in  establishing  the  fir.st  connection  east- 
ward of  Chicago,  by  railroad,  under  the  ausj)ices  of  the  Michigan 
Southern  &:  Northern  Indiana  Eailroad. 

In  1847  he  negotiated  tlie  charter  and  assets  of  the  Galena  k  Chicago 
Union  Railroad  Company,  and  became  its  president.  In  the  further 
extension  of  this  road  to  the  Mississippi,  when  the  stock  was  greatly  de- 
preciated in  value,  and  many  owners  among  the  farmers  were  smarting 
under  their  losses,  so  that  it  was  considered  imjirudent  for  a  director  of 
the  road  to  go  among  them,  Mr.  Ogden  and  his  companions  boldly  ven- 
tured along  the  line  addressing  meetings  of  farmers  and  others  on  the 
importance  and  value  of  the  work,  and  succeeded  in  obtaining  many 
new  subscriptions.  When  this  road  was  first  commenced  there  was  a 
very  large  retail  trade  in  the  City  kept  up  by  means  of  wagons,  called 
"  prairie  schooners,"  five  acres  of  which  would  be  sometimes  encamped 
together.     Lines  of  stages  were  also  jirofitably  employed.      The  mer- 
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vliauts  engaged  in  this  trade,  and  the  owners  of  the  stages  and  wagons, 
all  thought  they  would  be  greatly  injured  l)y'^he  loss  of  their  b^^siness, 
l>ut  Mr.  Ogflen  had  the  gratification,  in  a  few  years,  of  seeing  that  most, 
if  not  all,  of  those  persons  had  been  benefited  by  the  construction  of  the 
ix)ad.  The  rapid  growth  of  the  City  greatly  increased  business,  and  the 
stockholders  of  the  company  received  annual  dividends  of  upwards  of 
twenty  per  cent,  during  the  first  seven  years  after  the  completion  of  the 
road. 

In  1853  Mr.  Ogden  visited  Europe,  and  remained  about  a  year  and  a  half. 
While  devoting  much  of  his  time  to  art  and  fBsthetic  culture  generally, 
his  deep  interest  in  public  works  did  not  diminish.  He  made  a  special 
study  of  the  canals  of  Holland,  and  became  more  than  ever  impressed 
with  the  importance  of  so  enlarging  and  deepening  the  Illinois  &  Michi- 
gan Canal  as  to  make  it  na\-igable  for  steamboats  suitable  to  ply  between 
Chicago  and  New  Orleans,  a  work  which,  in  connection  vv'ith  the  Illinoia 
river  locks  and  draws,  now  partly  constructed  by  the  State,  must  yet  be 
completed  before  our  national  system  of  improvements  can  be  considered 
l^erfect.  He  also  advocated,  in  1854,  through  the  Chicago  press,  the 
construction  of  a  ship  canal  across  the  southern  portion  of  the  Michigan 
peninsula. 

In  1855,  Mr.  Ogden.  was  made  president  of  the  newly  formed  Board 
of  Sewei'age  Commissioners  of  Chicago,  and  remained  in  office  long 
enough  to  see  the  present  sj^stem  of  drainage  for  that  City  adopted, 
and  so  far  carried  out  as  to  show  its  beneficial  action,  and  cause  the 
community  to  urge  its  further  extension  as  rapidly  as  means  would 
permit. 

At  about  this  time  Mr.  Ogden  was  made  president  of  the  Chicago, 
St.  Paul  &  Fond  du  Lac  Railway  Company.  Con.sidering  the  magni- 
tude of  this  work,  and  the  financial  disasters  of  1857,  probably  no  enter- 
prise Mr.  Ogden  ever  engaged  in  taxed  his  time  and  resources  more  than 
this.  In  1857  he  found  himself  under  personal  obligation  to  pay  debts 
of  the  company  amounting  to  $1,500,000.  The  value  of  the  stock  dis- 
appeared, and  a  foreign  negotiation  of  bonds,  supposed  to  have  been 
effected,  fell  through.  At  such  a  time  it  was  impossible  for  him  to  raise 
so  great  a  sum  of  money,  but  he  unreservedly  placed  the  whole  of  his 
large  property  in  the  hands  of  the  creditors  of  the  company.  Friends 
and  family  connections  jilaced  theirs  also  at  his  disposal,  and  the  result 
was  a  full  i)ayment  of  the  claimants,  and  the  saving  of  Mr.  Ogden's  pri- 
vate fortune  from  ruin,  though  with  a  very  considerable  loss  to  him. 
During  his  connection  with  this  road  Mr.  Ogden  constructed  sixty  miles 
of  it,  from  Janesville,  north,  in  fifty-eight  days,  a  feat  never  previously 
performed  in  the  history  of  such  works.  While  constructing  this  road 
Mr.  Ogden  saw  that  it  was  likely  to  enter  into  disastrous  competition 
with  the  branch  system  of  the  Chicago  &  Galena  Railroad,  and  used  all 
his  influence  to  bring  about  a  consolidation  of  the  two  companies,  finally 
succeeding,  in  1864,  thus  greatly  increasing  the  importance  of  the  Chicago 
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&  Northwestern  Railroad  Company,  which  now  owns  and  operates  over 
2,000  miles  of  road,  and  into  which  the  Fond  du  Lac  road  had  pre- 
viously been  merged. 

So  great  were  Mr.  Ogden's  qualifications  as  a  manager  of  railroad 
interests  that  while  director  of  the  Fort  Wayne  &  Chicago  Railway  Com- 
pany in  1859,  he  convinced  the  owners  of  the  then  fragmentaiy  lines, 
now  forming  that  one  road,  of  the  nece.ssity  of  consolidation.  This 
required  the  aj^pointment  of  a  receiver  during  the  pendency  of  the  pro- 
ceedings necessary  for  the  union,  and  Mr.  Ogden  was  offered  a  salary  of 
S25,000  to  accept  the  office.  This  he  declined  on  account  of  other  very 
weighty  public  and  private  obligations  ;  but  upon  being  told  that  it  was 
impossible  to  agree  upon  any  other  name  than  his,  he  accepted  the  office, 
refusing,  however,  the  munificent  salary. 

In  1850,  Mr.  Ogden  was  chosen  president  of  the  National  Pacific  Rail- 
road Convention,  at  Philadelphia,  and  afterwards,  upon  the  organizing 
of  the  Union  Pacific  Railway  Company,  he  was  elected  its  first  president. 
He  also  continued  a  firm  believer  in  the  practicability  and  final  success 
of  the  Northern  Pacific  Railway,  Avith  which  he  was  officially  connected 
from  the  commencement,  and  actually  passed,  in  company  with  the  Chief 
Engineer,  Col.  Roberts,  along  a  considerable  portion  of  the  proposed 
route  ;  on  the  Atlantic  side,  from  Lake  Superior  to  the  Missouri  river, 
and  on  tlie  Pacific  side  from  the  mouth  of  Snake  River  via  the  Columl)ia 
Valley  to  Puget  Souud. 

Mr..  Ogden  had  an  honorable  and  important  connection  with  other 
j)ublic  works  than  those  already  mentioned.  He  was  also  a  friend  of 
religious,  literary,  scientific  and  benevolent  institutions,  contributing 
liberally  for  their  support  during  his  life,  and  leaving  what  will  amount 
to  a  large  sum,  to  be  expended  in  a  similar  manner  by  his  administrators. 

Mr.  Ogden  was  engaged  to  be  married  when  quite  young,  but  the 
decease  of  the  lady  prevented  the  union.  His  large  fortune,  and  the 
residence  with  him  of  one  or  more  of  his  sisters,  enabled  him  to  exercise 
a  hospitality  becoming  the  high  position  he  held,  socially  and  officially, 
as  very  many  foreigners  and  visitors  from  other  parts  of  our  own  country 
have  known.  His  cultivated  taste  enabled  him  to  furnish  his  home  with 
every  desirable  comfort  and  adornment.  Men  of  distinction  in  every 
profession,  and  from  nearly  every  land,  were  entertained  as  his  guests, 
with  ease  and  dignity.  He  was  jjerfectly  accessible  to  men  of  the  hum- 
blest stations,  and  never  repelled  any  who  had  the  least  claim  to  his  time 
or  consideration.  At  seventy  he  married  Miss  Amot,  of  Elmira,  New 
York,  who  was  in  every  way  suited  to  be  the  companion  of  so  rare 
and  distinguished  a  man.  She  still  survives  him  and  resides  at  Boscobel, 
which  Mr.  Ogden  had  made  his  home  during  the  last  ten  years  of  his  life, 
having  removed  from  Chicago  to  New  York  on  account  of  very  important 
private  interests  which  demanded  his  personal  attention,  but  he  kept  up 
lus  Chicago  home  and  residence  until  the  fire  of  October,  1871. 
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What  lias  already  been  said  of  Mr.  Ogden  is  fully  sufficient  to  show 
that  he  was  one  of  that  small  class  of  men  to  whom  engineering  is  more 
indel^ted  than  to  all  others  for  its  wonderful  progress  in  our  country. 
His  great  physical  and  mental  power,  his  extraordinary  training,  his 
■courage,  hopefulness  and  high  sense  of  honor,  and  his  dignified,  yet 
affable  bearing  eminently  fitted  him  to  be  the  leader  of  whatever  enter- 
prise he  took  an  interest  in.  It  was  by  no  means,  however,  so  much  Mr. 
Ogden's  object  to  obtain  control  of  works  he  was  connected  with,  as  to 
make  them  succeed,  in  which  case  he  was  content  with  any  position  from 
that  of  simple  advocate,  to  being  the  principal.  Even  his  vast  and  mas- 
terly arranged  private  schemes  were  such  as  to  benefit  the  public  either 
directly  as  sources  of  employment  and  profit  to  thousands,  for  instance, 
the  Peshtigo  Lumljer  Company,  or  the  Brady's  Bend  Iron  Works  ;  or 
they  Avere  to  show  the  public  what  could  be  done  in  certain  much  needed 
directions,  as  well  as  to  accommodate  his  own  business,  such  as  the  small, 
but  first  outside  harbor  of  Chicago. 

It  was  natural  that  one  of  such  great  ability  and  experience  should 
be  much  consulted  in  relation  to  enterprises  with  which  he  had  no  official 
connection.  Among  these  was  the  first  Chicago  Lake  tunnel,  a  work 
which  he  was  one  of  the  earliest  to  approve  and  offered  to  publicy  advo- 
cate it,  if  necessary,  for  its  adoption  by  the  city  authorities. 

True  greatness  is  often  proved  by  adversity.  Mr.  Ogden  had  his 
full  share  of  opposition,  detraction  and  disappointment.  Plunged  some- 
times from  superabounding  wealth  to  sudden  inability  to  meet  his 
obligations,  he  found  it  diificult  at  times  to  pay  his  table  expenses,  yet 
few  of  his  intimate  friends  seemed  to  be  aware  of  it.  In  a  day,  stripped 
by  the  great  fires  of  Chicago  and  Peshtigo  of  a  million  and  a  half  of 
dollars,  and  left  without  income  suificient  to  meet  his  taxes,  he  spoke 
with  great  confidence  to  his  fellow  sufferers  of  the  prosperous  future  of 
Chicago  and  the  West ;  and  encouraged  them  to  go  forward  in  rebuilding 
the  city. 

Mr.  Ogden  was  repeatedly  urged  to  be  a  candidate  for  high  political 
honors,  and  was  naturally  fitted  for  the  highest,  but  his  chosen,  course  of 
life,  as  already  mentioned,  his  tastes,  and  above  all  his  independence  of 
loarty  control,  prevented  him  from  accepting  positions  of  this  kind  unless 
he  saw  that  in  so  doing  he  could  serve  the  interests  ,of  the  community 
around  him,  when  he  cheerfully  performed  the  humbler  duties  of  City 
Alderman  or  those  of  State  Senator. 


JOHN  F.  TRACY,  Fellow  A.  S.  C.  E. 

Died  February  13th  ISTS. 
John  F.    Teacy*  died  in  the  City  of   Erie,  State  of  Pennsylvania, 
February    13th,    1878.      Mr.    Tracy   was  born   in   that   City,    January 
Tth,  1827,   he  was  therefore  only  a  little  over  fifty-one  years  old  at 

*  Committee  to  prepare  memoir,  W.  M.  Roberts,  M.  Courtright,  John  Bogart. 
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tlie  time  of  his  death.  He  became  a  Fellow  of  this  Society  January 
20th,  1873.  Althoiigh  thus  cut  oflf  in  the  prime. of  life,  Mr.  Tracy 
was  associated  for  a  long  period  with  gi'eat  railroad  enteriH'ises,  in 
which  he  disi^layed  marked  genius,  enterj)rise  and  perseverance,  which 
were  crowned  with  success.  He  was  one  of  the  master  spirits  among- 
the  progressive  railroad  men  of  our  coimtry,  and  was  largely  instru- 
mental in  jjushing  forward  the  great  iron  thoroughfares  which  now 
carry  across  this  vast  continent  the  commerce  between  the  Atlantic 
and  the  Pacific.  He  was  educated  at  the  old  Erie  Academy,  but  early 
in  life  became  an  active  assistant  in  the  extensive  business  of  his 
father,  Mr.  John  A.  Ti'acy,  who  was  an  eminent  contractor,  engaged 
in  the  construction  of  canals  and  raih-oads.  His  father  built  the  aque- 
duct over  Walnut  Creek,  on  the  Erie  Canal,  which,  at  the  time^thirty- 
five  years  ago,  was  regarded  as  a  great  work.  It  was  eight  hundred  feet 
long,  and  one  hundred  and  one  feet  high.  It  Avas  during  the  j^rosecu- 
tiou  of  that  work  that  Mr.  Tracy  was  brought  directly  under  the  lousi- 
ness training  of  his  able  parent,  and  where  he  soon  exhibited  more  than 
usual  capacity  as  a  manager,  although  then  but  a  boy.  Subsecpiently, 
Messrs.  John  A.  Tracy  and  Milton  Courtright,  were  associated  as  con- 
tractors in  building  the  Western  Division  of  the  Erie  Railway,  and  by 
them  he  was  employed  to  superintend  the  extensive  operations  of  the 
firm.  After  the  completion  of  that  contract,  he  was  still  more  actively 
engaged  in  the  construction  of  the  portion  of  the  Buffalo  &  State  Line 
Eaih'oad,  west  of  Dunkirk,  and  of  the  Erie  and  Northeast  Railroad,  and, 
though  not  yet  twenty-five  years  old,  almost  the  entire  practical  manage- 
ment of  these  enteri:)rises  was  confided  to  his  care.  Very  shortly  after 
the  completion  of  the  Erie  &  Northeast  road,  he  was  appointed  its  Su- 
perintendent, and  operated  the  road  with  ability  and  success.  When 
it  was  decided  to  change  the  gauge  of  the  road  and  make  it  part  of  a 
through  line — a  determination  Avhich  was  violently  opjDosed  by  a  large 
party  of  citizens  in  Erie,  and  which  brought  on  the  trouble  known  as  the 
"  Erie  Railroad  War,"  Mr.  Tracy  held  his  jDost  with  firmness  and  devo- 
tion to  the  interests  of  his  comijauy,  and  was  the  only  man  who  never 
yielded  to  the  pressure  of  the  m_istaken  popular  sentiment  which  sought 
to  maintain  a  break  in  the  continuous  line  of  what  was  destined  to  become 
a  great  continental  highway.  Mr.  Tracy  completed  the  change  of  gauge, 
determined  on  by  his  own  company,  and  when  the  Avork  was  perfected, 
in  1854,  decided  to  leave  Erie,  and  accept  the  i^osition  of  Assistant  Su- 
l)erintendent  on  the  Chicago  &  Rock  Island  Railroad,  which  was  then  in 
process  of  construction.  His  exjoerience  and  ability  made  him  an  iuA'al- 
uable  official,  and  he  Avas  soon  promoted  to  the  office  of  General  Super- 
intendent ;  subsequently  Avas  made  Vice-President,  and  finally  Presi- 
dent of  the  road,  which  office  he  held  for  many  j'ears,  and,  until  com- 
jlelled  by  reason  of  ill  liealth,  to  resign  less  than  a  year  jjrior  to  his 
death. 
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Under  Mr.  Tracy's  management  tlie  Chicago,  Rock  Island  it  Pacific 
Kailroad  acquired  a  wide  reputation.  Its  bonds  were  eagerly  sought  for 
in  every  market  as  investments,  and  its  stock  has  always  continued  to 
pay  dividends,  and  maintains  a  high  i^rice.  No  road  in  the  country 
can  exhibit  a  better  financial  condition,  and  no  act  of  the  Rock  Island 
Comisany  has  ever  brought  discredit  to  the  reputation  of  American 
securities.  The  consequence  of  this  is  that  the  company  are  able  to 
market  their  six  per  cent,  bonds  at  par,  and  Mr.  Tracy  always  had  the 
unlimited  confidence  of  the  representative  capitalists  of  this  country  and 
Europe.  During  the  presidency  of  Mr.  Tracy,  the  Iowa  Division  was 
constructed  under  his  management,  from  the  sale  of  stock  alone — a  feat 
unparalleled  in  the  history  of  American  roads.  At  the  same  time,  while 
maintaining  his  position  as  president  of  his  favorite  corporation,  the 
Rock  Island,  Mr.  Tracy  secured  the  control  of  the  Chicago  &  North- 
western Railroad,  and  became  its  j^resident,  thereby  making  himself  the 
direct  manager  of  over  thirty-five  hundred  miles  of  railroad.  He  took 
the  position  in  1870.  After  five  years  service,  Mr.  Tracy  resigned  the 
presidency,  suggesting  as  his  successor,  Mr.  Keep,  who  is  now  President 
of  the  Northwestern.  Mr.  Tracy  was,  while  his  health  remained  and 
his  faculties  were  clear,  an  expert  and  siiccessfiil.  manager  of  railroads. 
He  was  reticent,  determined,  and,  above  all,  self-reliant.  His  roads  were 
managed  with  a  faithfulness  and  economy  rarely  equaled.  In  his  busi- 
ness projects  he  was  successful,  and  during  the  thirty  years  of  his  active 
life  he  did  his  full  share  in  the  development  of  the  railway  interests  of 
this  country,  and  for  the  perfection  of  the  American  system  of  railway 
organization. 

With  his  immense  influence  in  the  commercial  world,  Mr.  Tracy  was 
always  a  qiiiet,  unassuming  man,  who  neither  sought  nor  cared  for  noto- 
riety. 

When  Mr.  Tracy  first  assumed  oflficial  position  upon  the  Chicago, 
Rock  Island  &  Pacific,  its  terminus  was  at  Rock  Island.  Under  h's 
management  it  was  extended  across  the  State  of  Iowa  to  Council  Blutfs, 
and  branches  Avere  acquired  or  leased,  so  that  now  over  a  thousand  miles 
are  operated  l)y  this  Company.  The  Chicago  &  Northwestern  was  also, 
under  his  administration,  extended  from  Madison,  Wisconsin,  to  Winona, 
on  the  MississiiDjji  River,  and  a  large  portion  of  the  branch  from  Winona 
to  St.  Peters  was  built,  as  well  as  the  air-line  from  Milwaukee  to  Fond 
du  Lac.  While  upon  the  Rock  Island  road,  with  characteristic  energy 
and  pertinacity,  he  fought  to  successful  issue  the  contest  with  the  river 
interest,  headed  by  the  St.  Louis  Chamber  of  Commerce,  which  Avas  op- 
posed to  the  bridging  of  the  Mississippi  River  ;  and  thus  secured  a 
national  recognitioii  of  the  doctrine  that  navigable  rivers,  though  hitherto 
protected  from  aU  obstructions,  must  permit  bridges  to  be  built  across 
them  for  the  accommodation  of  those  other  great  commercial  highways, 
the  railroads. 
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In  Ids  private  life,  Mr.  Tracy  was  one  of  the  least  ostentatious  and 
most  kind  hearted  of  men.  His  large  wealth  was  bestowed  generously 
iu  public  and  private  charity. 

The  intense  application  to  business  which  was  Mr.  Tracy's  prominent 
characteristic,  began,  some  years  since,  to  wear  upon  his  i:)hysical  health. 
About  a  year  ago  his  sufi'erings  increased  so  that  business  was  abso- 
lutely forlnddeu  by  his  physician,  and  he  resigned  the  ijresidency  of  the 
Eock  I.sland  Railroad,  and  gave  iip  all  i^articix^ation  in  financial  affairs. 

In  the  course  of  nature,  ere  many  years,  all  the  pioneers  of  our  great 
works  of  jDublic  improvement  will  have  ^sassed  away.  It  is  well  to 
record  among  the  annals  of  our  Society,  however  briefly  and  inade- 
quately, some  account  of  our  members  who  have  held  an  honorable  place 
among  them. 


P.  PORTER  POIMER,  Junior  A,  S.  C.  E. 

Died  June  11th,  18*76. 

P.  Porter  Poinier,*  only  son  of  Elisha  B.  and  Frances  A.  Poinier 
of  Newark,  New'  Jersey,  died  in  the  City  of  New  York,  June  11th,  1876, 
aged  23  years. 

He  was  a  student  in  the  Rensselaer  Polytechnic  Institute,  Troy,  dur- 
ing the  scholastic  year  1871-2,  after  which  he  entered  the  Stevens  Insti- 
tute of  Technology,  Hoboken,  from  which  he  graduated  with  honor  in 
1874.  During  the  following  year  he  pursued  his  studies  as  post  graduate 
and  lecturer  to  the  senior  class  in  the  Institute  on  Thermodynamics. 

He  became  a  Member  of  this  Society  March  3d,  1875,  and  took  great 
interest  in  its  welfare  and  success.  He  was  enthusiastic  in  the  study  of 
abstract  and  applied  mathematics,  and  had  almost  a  passion  for  making- 
original  investigations,  and  to  aid  him  in  these  directions  he  secured 
quite  a  library  of  rare  and  valuable  foreign  works.  He  finally  concen- 
trated his  labors  upon  his  favorite  subject,  that  of  dynamics  of  heat, 
and  had  gone  to  Cambridge  to  superintend  the  publication  of  his  work 
npon  this  subject,  when  he  was  suddenly  prostrated  by  a  disease  which 
had  been  preying  upon  him,  and  which  was  pronounced  incurable.  His 
ambition  Avas  strong,  and  aims  high;  and  he  had  already  brought  himself 
to  the  notice  of  the  learned.  The  trustees  of  the  John  Hopkins  Univer- 
sity, Baltimore,  appointed  him  to  a  Fellowship  iu  that  institution,  the 
certificate  for  which  reached  his  friends  only  the  day  after  his  death;  and 
Prof.  William  Thompson,  in  his  recent  address  l^efore  the  British  Asso- 
ciation for  the  Advancement  of  Science  made  honorable  mention  of  him 
as  a  young  investigator  and  promising  student. 


*  Committee  to  prepare  Memoir,  R.  H.  Thurston,  DeVolsou  Wood. 
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LIST  OF  NEW  BOOKS  ON 

ENGINEERING    AND    TECHNOLOGY, 


Arches  Skew,  Advantages  aud  Disadvantages 
of  Different  llethotls  of  Constrnction.  E. 
W.  Hyde,  C.  E.  New  York.  18mo.  A'o. 
15.    Van  Xosf.raiid's    Science  ^•■ries.     $0..oO. 

\  practical  theory  of  voussoir  . 

William  Caiu.JC.  E  New  York.  18mo.  Van 
JS'ost ranil' s  Science  Series.     $0..50. 

,  The  theory  of  Arches.    Prof.  W.  Allan, 

New  York.  18uio.  Van  IVostrand's  Science 
Series.     $0.50. 

Art  aud  Art  iudustries  in  Japan.  Sir  R. 
Alcock.  London.  Post  8vo,  illus.  Virtue. 
los. 

Architecture,  House  plans  for  everybody.  S. 
B.  Reed.  New  York.  12mo,  illus.  Orange 
Jud'l.     SI. 50. 

Bridfjes  and  Roofs.  Samuel  H.  Shreve.  New 
York.  8vo,  illus.  2d  ed.  Van  Nostrand, 
%o. 

Capital,  Conflicts  of and  labor:  a  history 

and  review  of  the  Trades'  Unions  of  Great 
Britain.  George  Howell.  New  York.  12mo. 
Scribner  &  Welford.     S3. 

Commerce,  A  historv  of .     John  Yeats. 

New  York.  12mo.  4  vols.  Scribner  &  Wel- 
ford.     S7. 

Drawing,  How  to  Draw  a  Map.  Containing 
full  Directions  for  Projecting  the  Parallels 
of  Latituile,  either  Straight  or  Curved,  aud 
the  Aleridiaus  of  Longitude,  by  a  Simple 
aud  Easy  Method.  A.  Gardiner.  London. 
16ino.     Hug  lies.    6d. 

Map .     W.  V.  Marshall.  New  York. 

4to.     Barnes  if:  Co.     $0.25. 

-^^   Mechanical   Drawing.      Wm.  Minifie. 

New  York,  8vo,  illus.  Van  Nostrand. 
U. 

Cassell's  Practical,  Geometrical,  Me- 
chanical, and  Ornameutal  Drawing  Book. 
With  blank  space  for  copying.  New  York. 
Cassell,  Petter  \-  Galpin.     %y:2n. 

Dynamics,  Elements  of  — .  Part  1,  Kine- 
matics. W.  K.  i;iifford.  New  York.  12mo. 
Macmillan.      $250. 

Eye.*.  How  to  take  care  of  our  .     H.  C. 

Ant;ell.     Boston.     16mo.     Roberts.     $0.50. 

Geographical  Surveying,  its  uses,  methods 
and  results.  F.  De  Y.  Carpenter,  C.  E. 
New  York.  18mo.  Van  yostrand's  Science 
Series.     $0..50. 

Oeography,  Physical .  Elementary  les- 
sons in,  Archibald  Geilde.  New  York. 
l(3mn,  illus.     MacmiUan.     $1.75. 

Geometry  in  Modem  Life.  Two  lectures  on 
useful  Geometry.  J.  Scott  Russell.  Eton. 
8vo.      Wil/inms  &  Son.     3s.  6d. 

Handbook,    Hursts   Architectui-al   Surveyors 

and  Molesworth's  Engineering  For- 

muliP      London,     16mo.    Spans      12s.  6d. 

Iron  and  Steel,  Report  on  the  progress  of  the 
industries  in  foreign  coun- 
tries. J.  Deby.  London.  Svo.  Spons. 
5s. 

Light:  A  series  of  simple,  entertaining  and 
inexpensive  experiments  in  the  Phenomena 
of  Light,  for  the  use  of  students  of  every 
a^'e.  A.  M.  Mayer  and  C.  Barnard.  Lon- 
don.    Crown  8vo,  illus.    MacmiUan.    2s.  fid. 

Locomotive  Engine  Driving.  3d  ed.  enl.  with 
key  to  the  locomotive  engine.  M.  Reynolds. 


London.  Post  Svo.  Crosby,  Lockwood' 
4s.  Gd. 

Mechanics,  Elements  of .     James  Blackie. 

Edinburgli.     Po.st  Svo.     Tliim.     3s.  Gd. 

Metals  and  their  chief  industrial  applications. 
G.  A.  Wright.  London  and  New  York. 
IGnio.     Macnillan.     $1.25. 

Metric  Primer,  Text  book  for  beginners. 
Boston.  24mo.  American  Metric  Bureau. 
$0.10. 

Military  Bridges,  with  suggestions  of  New 
expedients  for  crossing  streams  and 
chasms;  also  designs  for  trestle  and  truss- 
bridges.  New  York.  Svo,  illus.  Van  Nos- 
trand.    S6.50. 

Pacific   Railways,   Scenery  of and 

Colorado.  J.  D.  Woodward.  New  York. 
4to,  illus.     Appletnn.     SO  75. 

Philosophy,    Natural    .      J.    Todhunter. 

New  York.  18mo.  2  vols.  MacmiUan. 
$3. 

,  Natural   .    Worthington  Hooker. 

New  York.  12mo.  2d  ed.  enl.  Harpers. 
$1.17. 

Physics,  Physical  technics;  or,  practical  In- 
structions tor  making  experiments  in 
physics,  and  the  constructiou  of  physical 
apparatus  with  the  most  limited  means. 
J.  Frick.  Tr.  by  Easter.  Philadeliihia. 
Cr.  Svo.     New  ed.,  ill.     Lippincott.     $2.50. 

Plane   Table,  The and  its  use  in 

topog-aphical  surveying.  New  York.  Svo, 
illus.      Van  Xost.rand.     $2. 

Posts  and  Telegraphs — past  and  present. 
With  a-oou lit  of  the  telephone  and  phono- 
graph. William  Tegg.  London.  Imp. 
IGmo.     W.  Ti-gg  dc  Co.    4s. 

Railway  Builder,  a  hand-book  for  estimating 
the  probable  cost  of  American  railway  con- 
struction and  equipment.  Wm.  J.  NicoUs. 
Philadelphia.  IGuio,  illus.  (Pocket  book 
form.)     H.  C.  Baird.     $2. 

Sanitary  Houses.  J.A.Russell.  Edinburgh. 
Sv.i,  illus.     Machichlan  >(:  Stnunrt.     Is.  6d. 

Sewaae  Irrigation  by  Farmers.  R.  W.  P. 
Birch.  London.  Svo.  Sjions,  Neio  York. 
SI. 

Sewerage.  Short  History  of  the  Wolvei-hamp- 
tou  Sewerage  Scheme,  with  a  few  hints  on 
the  Ventilation  of  House  Drainage.  G.  J. 
C.  Broom.     London.     Svo.    Spons.     Is. 

Silver  Ores,  Practical  treatise  on  testing  and 
working .  C.  A.  Aron.  San  Fran- 
cisco.     iSmo.     $1.50. 

Steam  Engine,  Theory  and  Action  of  the 

for  practical  men.      W.  H.  Northcott, 

C.  E.  New  York.  Svo,  illus.  Cassell,  Petter 
&  Galpin.     $3.50. 

Ste:imb()it,  The  Life  of  John  Fitch,  the  in- 
ventor of   the  .    Thompson   Westcott. 

New  ed.,  illus.  12mo.  Philadelphia.  Lip- 
pincott. 

Telephone,   The   speaking   and   talking 

Phonograph.  Geo.  B.  Prescott.  New  York. 
Svo,  illus.     Appleton.     S3. 

Tramways  in  town  and  country.  Ewing 
Mathesbn.     London.    Svo.     Spons.    2s. 

West  Point  Centennial,  Historic  oration.  H. 
C.  Dane.  New  York.  12mo.  Carleton. 
$0.25. 
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ADDITIOXS  TO 

LIBRARY     AND     MUSEU  M. 


From    Administration    des    Fonts    et 
Chaiissees.  Paris  : 
Annales,  April,  ia78. 

From  Theodore  Allen,  Jr.,  St.  Louis, 
Mo.: 
The  River  Transportation  of  the   West.      C. 
P.  Choteau.     St.  Louis.     1878. 

From  American  Bridge  Company,  Chi- 
cago: 
Album  prepared  for  Paris  Exliibition.     1878. 
From  American  Iron  and  Steel  Associa- 
tion : 
Speech  from  Hon.  Wm.  D.  Kelly,  on  the  Tariff. 
Washington.     1878. 

From  the  American   Metrological    So- 
ciety : 
Bulletin  of  the  Society.    1877. 

From  Edward  R.  Andrews,  Boston: 
The  Hayford  Process  and  Apparatus  for  pre- 
serving timber.     1877.     (Coijies  for  distri- 
bution.) 

From  Geo.  D.  Ansley,  Montreal: 

Report  of  City  Engineer  of  the  various  works 

executed  by  the  Road  Department,  City  of 

Montreal,   during  the   year  1877.     Geo.  D. 

Ausley,  City  Engineer.     Montreal.     1878. 

Photograph  showing  deei)  sewer  construction 

at  Montreal. 
Design  Map  for  Mount  Ro3'al  Park,  Montreal. 
From  the  Argentine  Scientific  Society, 
Buenos  Ayres  : 
Annals  of  the  Society.     April,  1878. 

From  the  Austrian  Artillery  and  Engi- 
neer Board.  Vienna,  Austria  : 
Publicatioijs    upon    Artillery    and    Engineer 
Operations.     'M  Part.     1878.     Vienna. 

From  the  Austrian  Society  of  E  gineers 
and  Architects,  Vienna,  Austria  : 
Transactions  of  the  Society,  September,  1877, 

to  March,  1878. 
List   of    Members   of  the  Society.     Vienna. 
1878. 

From  R.  C.  Bacot,  Jersey  City,  N.  J.: 
Report  of   the  New   Jersey    State    Riparian 
Commissioners  for  1877.     (2  copies.) 

From  Wm.  S.  Barbour,  Cambridgeport, 
Mass. : 
Annual    Report  of  City    Engineer    of   Cam- 
bridge, Mass.     November  SO,  1878.     W.  S. 
Barbour. 
Address  of  the  Mayor,  and  Annual  Reports 
made    to    the    City    Council.     Cambridge, 
Mass.     1878. 

From  Gen.  J.  G.  Barnard,  U.  S.  Army: 
Report  of  Joint  Commission  on  completion 
of  Washington  Monument.     1878. 
From  L.  F.  Bcckwith,  New  York  : 
Hydraulic  Lime  of  Teil  and  Lafarge  Cement. 
1878. 

From  Board  of  Health,   of  Massachu- 
setts : 
Ninth  Aunual  Report,  January.  1878. 

From  Robert  Briggs,  Philadelphia: 
Coal  Gas  Engineering.     Robert  Briggs.     Phi- 
ladelphia.    i878. 
On  the  relation  of  moisture  in  air  to  health 


and   comfort.      Robert   Briggs.      Philadel 
phia.     1878. 

From  Allan  Campbell,  New  York  : 
Report  of  the  Department  of  Public  Works  of 
the  City   of   New  York.     Quarter    ending* 
March  31st,  1878.     (2  copies. ) 

From  H.  W.  Clarke,  Syracuse,  N.  Y. : 
Report  of  the  Regents  of  tiie  University  oc 
the  New  Jersey  and  Pennsylvania  Boundary 
Monuments.  Albany.  1878.  (■.:  copies.)- 
Report  of  the  Pennsylvania  Board  of  the 
Pennsylvania  and  New  York  Joint  Boundary 
Commission.     Harrisburg.     1878. 

From  F.  Colliugwood,  New  York  : 
Speciticatious  for  Steel   Wire   Woikiug  Ropt. 
and   for  Cast-iron  Wire  Rope  Sockets  foi 
East  River  Suspension  Bridge.     1878. 

From  M.  Coryell,  Lambertville,  N.  J. : 
First    .\nnual    Report   of    the    Lambertville 
Water  Company.     March  14th,  1878. 

From  Julien  Deby,  Brussels,  Belgium  : 
Report  on  the  Progress  of  the  Iron  and  Stee; 
Industries    in  foreign  countries.     Part   II. 
Julien  Deby.     Newcastlt-ou-Tyne.     1877. 
From  Department  of  the'lnterior,  Wash- 
ington : 
Report  of  the  Commissioners  of  Education, 
for  1876. 

From     H.     H.     Douglas,     Mineapolis. 
Minn. : 
Annual  Report  of  Board  of  Trade  of  Miue- 
apolis.     1877. 

From  Dyckerhoff  <t  Sohne,  Freiburg  : 
Publications    relating    to    mauufacture    and 
testing    of    Portland    Cement.      Freiburg 
1878. 

From  James  B.  Eads.  St.  Louis  : 
Review  of  letter  of  Chief  of  Engineers,  Wash- 
ington.    1878. 

From  Engineer's  Club,  of  Philadelphia : 
The  Oil   Lands  of  Pennsylvania.     Charles  A . 
Ashburner.     Philadelphia.     1878. 

From  Sanford  Fleming,  Ottawa.  Caia- 
da  : 
Uniform  Non-Local  Time.     S.  Fleming.    Ot- 
tawa.    1878. 

From  James  T.  Gardiner,  Albany,  N.  Y. : 
Second   Annual   Report  of  New   Y'ork   Statt 
Survey.     1878. 

From   Commissioners  of    Second  Gei- 
logical  Survey,  of  Pennsylvania  : 
Reports    of    Progress    for    187i,    1875,    187C 
Sketch   of  Geological  Explorations.     Gene- 
ral and  Special  Reports.     IG  volumes.     3785 
pages.     Harrisburgh.     Pa. 

From  J.    N.   Gonzalez,  Cucuta,    Sout) 
-America  : 
Ferro  Carril,  a  puerto  villaniza.     1877. 

From  J.  Lewis  Grant.  .Auburn.  N.  Y.: 
Six  Stereoscopic  Views  of  the  Auburu  Water 
Works.     1878. 

From  Gen.  A.  A.  Humphreys,  Chief  of 
Engineers,  U.  S.  Army,  Washington. 
D.  C: 
Information   concerning   the    Surveys    con- 
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ducted  bj'  the  Department  during  the  last 
ten  years. 
Information  as  to  Expenditures  for  improve- 
ment of  the  Fox  and  Wisconsin  Kivers.     (2 
cojjies  ) 
Information  concerning  the  map  of  the  Get- 

tysliurg  battle  field. 
Kecommendation    for    apijropriation  for  ex- 
aminations  in   connection    with    the   cou- 
etriiction  of  Jetties  at  the  South  Pass  of  the 
Mississiijpi  River. 
Letter  of  General  Humphreys  on  Levees  and 
Improvement    of    the    Mississippi    River. 
('2  copies.) 
The    disappearance    of     the     United   States 

Dredge  Boat  McAlesUr. 
Report    of   Engineer  upon   improvement  of 
.     South   Pass   of  the   Jlississippi   River.    (2 

copies.) 
Vol.  IV  of  Reijorts  for  the  Exploration  of  the 
Fortieth  Parallel,  compri.'-iug  Memoirs  on 
Palceutology  and  Ornithology. 
Report  of  S.  S.  Abert,  C.  E.,  on  Improvement 
of  Norfolk  Harbor,  Hampton  River,  Pagan 
Creek,     Chickahominy     and     Blackwater 
Rivers.     (2  copies.) 
Report    of    Board   as  to  Dry  Dock  at  Fort 

McHenry.     (2  copies.) 
Report  of  Board  as  to  protection  of  wharves 

and  harbor  at  New  Oi-leans.     (2  copies.) 
Report  ot  Board  as  to  preservation  of  water 

front  at  Vicksburg. 
Report    of   Commission    as    to    Washington 

Monument.     (2  copies  ) 
Repoit  of  Commissioners  of  District  of  Co- 
lumbia, giving  iuformajicn  in  reference  to 
bituminous  and  wood  pavements.     Lieut. 
R  S.  Hoxie.     (2  copies.) 
Information  as  to  removal  of  sunken  wrecks 
at    Peusacola.     Capt.    A.    N.    Damrell.     (2 
coiJies.) 
Report  upon  Saint  Croix  River.     Maj.  F.  W. 

Farquhar.     (2  copies.) 
Information  as  to  ship  canal  at  entrance  of 
Charleston  Harbor.     Gen.  Q.  A.   Gillrnore. 
(2  copies.) 
Reijort    upon  bridging  the   Saginaw  River. 

Major  P.  Harwood.     (2  copies.) 
Report  upon  effect  of  reservoirs  on  naviga- 
tion of  the  Mississippi  River.     Maj.  D.  0. 
Houston.     (2  copies  ) 
Report  upon  protection  of  harbor  of  Cincin- 
nati.   Maj.  W.  E.  Merrill.     (2  copies.) 
Rejiortupon  improvement  of  Flushing  Bay, 
New  York.     Col.  John  Newton.     (2  copies.) 
Report  upon  improvement  of  Cape  Fear  Har- 
bor.    Capt.  Charles  B.  Phillips. 
Report  upon  improvement  of   Sturgeon  B?-y 
and  Lake  Michigan  Ship  Canal  and  Harbor. 
Maj.  H.  M.  Robert.     (2  copies.) 
Report  upon  lines  of  communication.between 
Colorado  and  New  Mexico.    Lieut.   E.  H. 
Rufuer. 
Report  upon  removing  a  bar  in  the  Arkansas 
River,  near  Fort  Smith.     Maj.  C.  R.  Suter. 
Report  upon  Survey  of  the  Missouri  River  at 
Omaha.     Jan.  10th,  1878.    Maj.  C.  R.  Suter. 
(2  copies.)  , 

Report  upon  inspection  made  in  Summer  of 
1877,  by  Gens.  Sherman  and  Sheridan  north 
of  the  Union  Pacitic  R.  R. 
Report  upon  improvement  of  the  "Gut,"  op- 
posite Bath,  Me.  Col.  Geo.  Thorn.  (2 
copies.) 
Report  upon  Penobscot  River  at  Bath,  Me. 

Col.  George  Thom. 
Geographical  and  Topographical  .Atlas  accom- 
panying Report  of  Geological  Exploration  of 
the  40th  parallel.     Clarence  King. 


Geographical  Surveys  west  of  the  100th  meri- 
dian. Vol.  II.  Astronomy  and  Barometric 
Hypsometry.     Lieut.  Geo.  51.  Wheeler. 

From   Hanover    Society    of   Architects- 
and  Engineers  : 
Transactii)ns.  Part  I.     1878. 

From  L.  M.  Haujit,  Philadelphia  : 
JIanual    of   En  iueeriug    Specifications    and 
Contracts.     L.   M.   Haupt.      Philadelphia. 
1878. 

From  R.  Hering,  Philadelphia  : 
House  and  Street  Drainage.     R.  Hering.    Phi- 
ladelphia.    1878. 

From  C.  Hersehel,  Boston  : 
The  -Cape    Cod    Ship    Canal.     C.    Hersehel. 
Boston.     1878. 

From  the  Institution  of  Civil  Engineers, 
London  : 
Publications  of    the  Institution,    edited    by 
James  Forrest,  Secretary,  as  follows  : 
Abstract  of  papers  in  foreign  transaction* 

and  periodicals.     Part  2.     1877-8. 
Irrigation  in  the  South  of  France.     George 

Wilson. 
Liquid  Fuels.    Harrison  Aydon. 
On  the  evaporative    power  of    locomotive 

boilers.    J.  A.  Longridge. 
Review  of  the  ijrogress  of  steam  shipping 
during    the    last    quarter  of  a  century. 
Alfred  Holt. 
•Some    recent    improvements    in    Dynamo- 
Electric  Apparatus.     Higgs  and  Brittle. 
The  encroachments  of  the  Sea  at  Flaniboro~ 
Head,  and  works  executed  to  prevent  the 
loss  of  land.     R.  Pickett. 
The  works  of  the  Bilbao  Iron  Company  in 
Biscay,  Spain.     F.  C.  Barron. 
From  the  Institution  of  Mechanical  En- 
gineers.    London  : 
Proceedings,  January,  1878. 

From  John  Kennedy,  Montreal  • 
.\nnual  Report  of  Harbor  Commissioners  of 
Montreal,  for  1877. 

From  George  A.  Kimball,  Somerville, 
Mass.  : 
Annual  Reports  of  the  City  of  Somerville,  for 

1877. 
Fourth  Annual  Report  of  the  City  Engineer 
of  Somerville,  for  1877. 

From  P.  F.  Kupka,  Vienna,  Austria  ; 
Amerikanische  Eisenbahuen.     P.  F.  Kupka. 
Vienna. 

From   Charles  Lagasse,  Brussels,   Bel- 
gium : 
Notice  sur  la  Sonnette  a  poudre  a  Canon  eu 
u>ageaux  Etat-unis  d'Amerique.  C. Lagasse, 
Bruxelles.     1878. 

From  C.  Latimer,  Cleveland,  O. : 
Proceedings  of  Meeting  ot  road  masters  of  tht 
Atlantic  and  Great  Western  R.  R.  Nov.  1.5th, 
1877. 
comparative   Statement  of  Expenses  in  En- 
gineering Department  of  the  A.-&  G.  W.  R. 
R.  December,  January,  February,  1877-8. 
From  G.  Leverich,  Brooklyn,  N.Y. : 
Memorial  relating  to  tests  of  Experimental 
Guns.     Leverich  and  Mann.    Washington, 
1878. 

From  Charles  Macdonald,  New  York  : 
Illustrated   Album   of    the  Delaware    Bridge 
Company.     1878. 

From  Edward  Marsland: 
Photographs  of  U.  S.  Dredge  Boat,  "  AIcAles- 
ter  ;"   of  the  engines  of  the   "McAlester;" 
of  the  engines  of  the  "Geo.  W.  Elder;  "  of 
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double  engines  by  Rowland  ;  of  the  New 
York  Caisson  of  the  East  Kiver  Bridge.  7 
Photographs. 
Engravings  of  the  V.  S.  Dredge  Boat,  "  Es- 
sayons;  "  of  the  P.  &  S.  Steamer,  "Massa- 
chusetts." 
Description  of  the  Marsland  Water  Meter.  E. 
Marsland.  Philadelphia.     187C. 

From  \V.  Ripley  Nichols,  Boston  : 
On  the  Filtration  of  Water.     W.  R.  Nichols, 

Boston.     1878. 
Die   Stadtisehe   Wapserversougnng.     1  Band. 
Statistik  Beschreibung  der  Aulagen  in  Bau 
und  Betrieb.     E.  Grahn,  Munchen.     1878. 
From  the  North  of  England  Institute  of 
Mining    and    Mechanical    Engineers, 
Newoa.stle-on-Tyue : 
Transactions  of  the  Institute,  February, March 
April,  1878. 

From  Charles  Paine,  Cleveland,  O. : 
Miles  run   l.y  Engine.  Tender  and  Passenger 
equipment,    aiid   Wheels    removed   during 
1877.     Lake  Shore  and  Mich.  fSouthern  Ky. 
From  William  H.  Paine,  NewY'>rk  : 
Specifications  for   Iron  Work   of  Suspended 
Structure  of  East  River  Bridge.     1878. 

From    Portugese    Association    of    Civil 
Eugiuers,  Lisbon  : 
Review    of  Public  Works   and    Mines.     Jan- 
uary. 1878. 

From  L.  W.  Post,  Jersey  City.  N.  J. : 
fipecifications  for  Reservoir  No.  3,  Jersey  City 
Water  Works.     1878. 

from  H,  G.  Prout,  Cairo,  Egvpt  : 
General  Report  on  the  Province  of  Kordofan, 
Lt.  Col.     H,  G.  Pvout,  Cairo.     1878. 

From    F.   Rinecker,  Wuerzburg,    Ger- 
many : 
Dass    Gotthard-Unternehmen.    Eine  zusam- 
menstellung    der    wichtigsten    projecte    iu 
technischer  und  finanzieller  beziehiiug.    F. 
Rinecker,  Munchen.     1878. 


From  the  Royal  United  Service  Institu- 
tion. London  : 
Journal  of  the  Institution,  No.  XCIV.     1878. 
From  H.  Seymour,  Jr.,  A;bany.  N.  Y. : 
Report  of  the  State  Engineer  on  the  Canals  of 
New  York.     1877. 

From  William  B.  Sherman,  New  Bed- 
ford, Mass.: 
Eighth  Annual  Report  of  the  Acushnet  Water 
Board,  New  Bedford.     December,  1877. 
From  T.  E.  Sickels.  New  York  : 
Report  to  Stockholders  of  Union  Pacific  Rail- 
road.    1877. 

From    William   Sooy  Smith,  Maywood, 
III.: 
Sijecifications    for    masonry    and   for  super- 
structure of  the  Glasgow  Bridge.     W.  Sooy 
Smith.     1878. 

From  the  Society  of  Engineers,   Lon- 
don : 
Transactions  for  1877. 

From  Adjt-Gen.  W.  S.  Stryker,  Trenton, 
N.  J.: 
Record  of  Officers  and  Men  of  New  Jer.sey  in 
the  Civil  War,  18G1-1865.     2  vols.     Trenton. 
1877. 

From  the  Swedish  Society  of  Engineers, 
Stockholm  : 
Record  of  the  Society.     12th  part.     1877. 

From  A.  H.  Thurston,  Hoboken,  New 
Jersey  : 
Application    of    electricity  to    regulation    of 
railway  traffic.    F.  L.  Pope,  Hartford.    1878. 
From  John  D.  Van  Buren,  New  Brigh- 
ton, N.  Y.: 
Annual   Report  of  the  State  Engineer  on  the 
Canals.     1877. 

From  H.  D.  Whitcomb,  Richmond,  Va.: 
Annual  l?eport  of  the  James   River  Improve- 
ment Committee  to  the   City  Council  with 
report  of  the  Engineer.    1878. 


ANNOUNCEMENTS. 


In  the  London  "  Building  News  and  En- 
gineering Journal "  of  July  .)th,  1878,  there  is 
an  extended  abstract  of  the  paper  by  Edward  S. 
Philbrick,  member  of  this  Society,  on  the 
improvement  of  the  South  Boston  Flats  by 
fhe  Harbor  Commissioners  of  the  State  of 
Massachusetts,  which  was  published  iu  these 
Transactions  as  No.  CLV,  of  Vol.  VII,  Feb- 
ruary, 1878. 

An  interesting  manuscript  description  of 
the  improvement  of  the  Upper  Seiue  and 
Yonne  Rivers,  by  William  Lucicn  Scaife, 
<;ivil  Engineer,  has  been  loaned  to  the  library 
■of  the  Society.  Included  in  the  monograph 
•is  a  statement  of  the  extent  of  inland  navi- 
gation, both  by  canals  and  river  improve- 
ments, in  France,  and  an  historical  outline  of 
its  development.  There  are  also  very  full 
descriptions  of  the  different  kinds  of  movable 
dams,  with  details  of  their  construction  and 
management.  The  methods  of  artificial  floods 
and  of  cmtiunous  navigation  are  comjiared. 
Descriptions  are  given  of  the  methods  of 
transport  in   use,   especially    of    towing    by 


means  of  a  sunken  chain.  Delails  of  the  cost 
of  various  improvements  are  given,  and 
forms  of  the  hydrometric  and  meteorological 
reports. 

"  London  Engineering  "  of  July  26th,  1878, 
reprints  paper  CL,  Transactions  of  this  So- 
ciety (Vol.  VI,  October,  1877),  "  Description 
of  Survt-y  for  determining  the  Slope  of  Water 
Surface  iu  the  Erie  Caual,"  by  William  H. 
Searles. 

"  The  London  Iron  "  of  July  27th,  1878,  re- 
prints paper  CLVII,  Transactions  of  this  So. 
ciety  (Vol.  VII,  March,  1878),  "Steam  Engine 
Economy;  a  uniform  basis  for  comijarison,'' 
by  Charles  E.  Emery, 

In  the  "Annalesdes  Fonts  etChaussees"  for 
February,  1878,  is  printed  a  translation  of 
paper  CXXXIX,  Transactions  of  this  Societj- 
(Vol.  VI,  .\pril,  1877),  "  The  consumption  and 
waste  of  water  delivered  by  public  works," 
by  James  H.  Harlow, 

The  following  reports  and  papers  are  at  the 
Societj'  rooms  for  distribution  among  such 
members  as  apply  for  them,  sending  at  the 
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same  time  stamps  for  the  prepayment  of  post- 
age. It  will  be  sufficieut  to  note  the  numbers 
attached  to  each,  which  are  in  continuation  of 
the  list  in  Proceedings,  Vol.  Ill,  page  78,  July, 
1877: 

8th  Report  of  the  Improvement  of  the 
South  Pass  of  the  Mississippi  River.  Capt. 
M.  R.  Brown,  Corps  of  Engineers,  U.  S.  A. 
129.] 

9th  Report  of  the  Improvement  of  the 
South  Pass  of  the  Mississippi  Kiver.  Capt. 
M.  R.  Brown.  Corps  of  Engineers,  U.  S.  A. 
[30.] 

Reijort  of  Chief  Engineer  Board  of  Public 
Works  of  Jersey  City,  L.  W.  Post.     [31.] 

Report  of  the  Committee  of  Engineers' 
Club  of  Philadelphia,  on  the  Metric  System  of 
Weights  and  Measures.     [32.] 

Report  of  progress  of  work  on  the  Cincin- 
nati Southern  Railway.    [33.] 

The  strength  of  wrought-iron,  as  affected  by 
its  comiDOsition  and  by  its  reduction  in  roll- 
ing, A.  L.  HoUey.     [34.] 

An  investigation  as  to  the  mode  and 
amount  of  attraction  between  large  and 
small  bodies  in  contact  or  at  small  distances, 
S.  Whipple.     [35.] 

The  Hayford  in'oce?s  and  apparatus  for 
preserving  timber,  E.  R.  Andrews.     [36.] 

Report  of  the  trial  of  the  steam  machinery 
of  the  United  States  Revenue  Cutter  "Galla- 
tin."    [37.] 

If  postal  orders  are  made  use  of  in  trans- 
mitting money  to  the  Treasurer  or  Secretary, 
care  should  alwaj-s  be  taken  to  send  at  the 
same  time  the  full  name  of  the  iiersou  to 
■whose  order  it  is  drawn,  with  of&cial  title,  if 
any  such  is  given  at  the  time  of  obtaining  the 
order.  This  information  is  absolutely  re- 
quired to  secure  the  laayment  of  an  order  at 
the  New  York  Post  Office. 

A  photograph  was  taken  of  the  members  of 
the  Society  during  their  recent  visit  to 
Lowell  on  June  21st.  Any  jjerson  desiring  a 
copy  can  obtain  it  by  sending  his  address  to 
Mr.  James  B.  Francis,  Lowell,  Mass.  Price 
$1.00. 

Discordant  St.\ndards  of  Mkasurement. 
— A  number  of  members  of  the  Society  desire 
to  obtain  for  publication,  statements  of  the 
various  discordant  standards  of  measure  in 
nse  in  the  United  States.  It  is  known  that  in 
many  cities  the  old  standards  are  more  or 
less  at  variance  with  the  present,  and  that, 
quite  frequently,  confusion  and  annoyance 
are  the  result.  A  table,  compiled  from  the 
information  which  is  undoubtedly  in  the  pos- 
session of  members  of  the  Society,  would  be 
both  interesting  and  valuable.  The  request 
is,  therefore,  made,    that    any    information 


which  would  be  of  assistance  in  the  prepara- 
tion of  such  a  table  be  forwarded  to  the  Sec- 
retary. The  replies  should  state  the  equiv- 
alent of  the  measures  referred  to  in  U.  S. 
standard  feet  or  in  meters,  together  with  any 
additional  notes  which  may  be  applicable.  If 
provisional  equivalents,  afterwards  proving 
incorrect,  have  been  adopted,  the  value  of 
these  should  also  be  stated. 

Members  who  desire  to  secure  complete 
sets  of  the  Transactions  of  the  Society  are 
requested  to  send  to  the  Secretary  a  list  of 
the  papers  which  are  needed  to  fill  up  their 
sets.  Some  of  the  earlier  papers  are  out  of 
print.  If  orders  are  received  for  a  sufficient 
number  to  warrant  the  expense,  a  reprint 
will  be  made. 

Special  attention  is  called  to  the  code  of 
rules  for  award  of  the  Norman  Medal,  jmnted 
at  the  end  of  this  number.  Papers  for  com- 
petition must  be  submitted  previous  to  Sep- 
tember 6th,  1878.  All  members  of  the  Society 
are  invited  to  assist  in  securing  the  presenta- 
tion of  papers  for  this  award. 

Members  of  the  Society  who  expect  to  visit 
Euroiie  during  the  present  year,  are  request- 
ed to  inform  the  Secretary  as  soon  as  ijossible 
of  that  fact,  and  also  of  the  time  when  they 
purpose  leaving  and  the  prol)able  length  of 
their  stay  abroad,  together  with  their  Euro- 
pean address. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society,  and 
ordered  printed  regularly  in  the  Society  pub- 
lications: 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad; 
and  w-hereas,  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
familiar  to  all,  by  comiiarison: 

Resolved,  That  Members  be  requested,  in 
pax^ers  hereafter  presented  to  the  Society,  to 
write,  io  parenthesis,  weights  or  dimensions 
by  the  metric  system  in  connection  with  those 
of  the  system  in  general  use. 

The  House  or  the  Society  is  at  104  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram- 
ercy  Park.  It  is  open  from  nine  o'clock 
a.  m.  to  five  o'clock  p.  m.  each  business  day 
except  Saturday,  when  it  is  closed  ^at  three 
o'clock  p.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  present,  be  open  every  Thursday 
evening,  from  7}  to  10  p.m.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals,  and  for 
conversation. 
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LIST      OF      M  E  M  B  K  R  S, 


ADDITIONS. 
MKMriK.RS. 


Date  of  f.lcction 

FiRMSroNK,  Fk A.NK (Jleiidon  Iron  Works,  I'Jastuii.  I'a -^^ug-    7^^'',    '878 

Nicholson,  Gkok(;e  B.  ...Engineer's  Office,  Cin.  Southern  Railway, 

70  West  3d  Street,  Cincinnati,  Ohio. .  May  1st,  1878 
NiCoT  i,s.  Wm.  ] luigineer  Taylor  Iron  Co.,  91  Liberty  St., 

New  York June     5th,    1878 


CH.\NGES    AND   CORRECTIONS. 

MEM  HERS. 

BoGUE,  ViR(;ii,  C Care  of  Charles  Watson,  Lima,  Peru. 

Croes,  J.  James  R Eng.  Additional  Water  Supply,  Newark,  N.  J.  ' 

Davis,  Chas.  E.  L.  B Capt.  of  Engineers,  U.  S.  A.,  Box  900,  GaIveston,Texa-s. 

Earlev,  John  I". Asst.  Eng.Tenn.  River  Improvement,  Florence,  Alabama. 

McGee,  John Steubenville,  Ohio. 

Pkindi.e,  F.  C Civil    and    Mechanical    Engineer,     204    Walnut    Place, 

Philadelphia,  Pa. 
Van  Winkle,   E.  B Topographical  Engineer  Dept.  Public  Parks,  56th  Street 

and  Broadway,  New  ^'ork. 
Wki  TM  \\.    1).  W Asst.  U.  S.  Eng.  in  charge  Missouri   River  .Survey,  1351 

Washington  .\ve.,  St.  Louis,  Mo.. 
WisNER,  George  Y 252  Park  Street,  Detroit,  Mich. 
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^mcrican    mckk  of  |^iiiil  Inginecm 


FROCEEDIjS^aS. 


Vol.    IV,   June,    1878. 


INI  I  N  U  T  E  S    Oh'    MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

ArcasT  7th,  1878.— The  Society  met  at  8  p.  m.,  William  E.  Wortheu 
ia  the  chair. 

The  ballot  npou  admissiou  to  membership  was  canvassed,  and  Frank 
Firmstoue,  of  Easton,  Pa. ,  was  declared  elected  as  Member.  The  fol- 
lowing resolution  was  offered  by  John  W.  Hill,  and  being  duly  seconded, 
was,  in  accordance  with  the  rule,  referred  to  the  Board  of  Direction  :— 

Kesolved,  That  a  committee  of  five  be  aispointed  by  the  Presidfent  to 
investigate  and  report  nj^on  the  conditions  calculated  for  maximum 
economy  in  the  use  of  steam  in  steam  engines. 

The  death  on  Jiily  9th,  1878,  of  C.  JRidgely  Schott,  member  of  the 
Society,  was  announced,  lind  J.  .J.  R.  Crocs  and  John  Bogart  were  ap- 
pointed a  committee  to  prepare  a  memoir  of  the  deceased. 

August  21st,  1878. — The  Society  met  at  8  p.  m.,  John  C.  Campbell 
in  the  chair. 

An  addition  to  the  paper  by  Theodore  Cooper,  entitled,  "  Observa- 
tions on  the  Stresses  Developed  in  Metallic  Bars  by  Applied  Forces," 
was  read  by  the  Secretary,  and  discussed  by  Messrs.  Bogart,  J.  C. 
Campbell,  Chanute,  Emerson,  Striedinger  and  Van  Winkle. 
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REPORTS     OF     COMMITTEES 
PEESENTED  AT  THE  TENTH  ANNUAL  CONVENTION. 


Report  of  the  Committee   on  Tests   of   American  Ikon,   Steel  and 

OTHER   Metals. 

Presented  for  the  Committee  by  William  Sooy  Smith,  Chairman. 


Your  Committee  on  Tests  of  American 
Iron,  Steel  and  other  Metals,  offers  for  your 
consideration  the  following  brief  statement  of 
its  ai  tion  during  the  interval  that  has  elapsed 
since  the  date  of  its  last  report,  and  such  re- 
marks as  naturally  suggest  themselves  at  this 
time  tcuchiug  the  very  interesting  and  im- 
portant subject  entrusted  to  its  cai-e. 

During  the  mouth  of  April  last,  the  chair- 
man of  your  committee  visited  the  national 
capitol  and  presented  the  claims  of  the 
United  States  Te-ting  Board  for  the  additional 
appropriations  required  for  the  coutinuatice 
of  its  work.  The  inquiry  was  constantly 
made,  "Wliat  has  the  Board  already  done, 
and  what  is  it  now  doing  with  the  money  al- 
ready appropriated?"  Without  a  full  and 
satisfactory  answer  to  this  inquiry,  members 
of  Congress  were  naturally  unwilling  to  favor 
any  further  approiiriation  of  money  for  the 
use  of  the  Board.  And  in  order  that  this  in- 
formation might  reach  Congress  through  the 
proper  channel,  a  resolution  was  introduced 
in  the  House  of  Representatives,  and  passed, 
calling  upon  the  President  of  the  United 
States,  to  whom  the  Testing  Board  makes  its 
reports,  to  inform  Congress  what  had  been 
done  by  this  Board.  It  is  understood  that 
this  information  will  soon  be  laid  before 
Congress,  whi-n  it  will  appear  to  the  Congress 
and  people  of  the  United  States,  that  a  great 
deal  of  most  valuable  work  has  already  been 
done  by  the  Board,  and  that  the  investigation 
for  which  it  was  created,  and  which  it  has 
planned  and  undertaken,  is  of  exceeding 
value  to  all  classes  of  our  people,  and 
especially  to  the  engineers,  architects,  me- 
chanics, manufacturers  and  railroad  men,  not 
only  of  this  country,  but  of  the  whole  world. 
If  the  Board  is  only  permitted  and  enabled 
to  carry  forward  its  examination  of  the  steels 
produced  by  the  Bessemer,  Siemeps-Martin, 
and  other  new  processes,  the  knowledge  ob- 
tained will  be  worth  ten  times  the  cost  of  the 
entire  investigation  which  it  has  jjlanned. 
The  same  may  be  said  of  nearly  every  branch 
of  the  enquiry  marped  out.  To  no  men  in 
he  United  States  is  this  better  known  than  to 


those  to  whom  this  report  is  addressed.  Your 
committee  doubt  not  that  every  engineer  in 
the  land  desires  to  have  our  iron  and  steel 
tested  in  the  exact  sizes  and  shapes  in  which 
these  metals  are  used  in  bridges  and  other 
structures.  It  is  surely  essential  that  we 
should  know  the  right  values  of  the  constants 
which  enter  the  formulas  we  employ  in  de- 
terniining  the  strength  of  the  various  mern- 
bers  which  make  up  our  structures.  And  is 
there  one  of  us  who  can  say  what  value  we 
should  assign  to  those  which  enter  Gordon's 
or  lankine's  formulas  for  cahulating  the 
strength  of  long  columns  to  resist  compres- 
sion? 

Several  appropriations  have  been  made — 
a  board  has  been  api^ointed  and  is  at 
work — a  testing  machine  is  ready  for  the 
use  of  the  Board,  which  is,  or  ought  to 
be,  the  finest  one  ever  constructed  in  this 
or  any  other  country.  A  plan  for  the  entire 
investigation  has  been  devised  which  has  met 
with  the  hearty  approval  cf  Engineers  of  this 
and  other  countries.  The  work  is  well  begun 
— the  necessity  of  its  faithful  prosecution  and 
completion  is  apparent  to  all.  If  the  govern- 
ment shrinks  from  the  expenditure  of  the  small 
sum  necessary  to  carry  forwai-d  this  work 
and  the  Board  is  jsermitted  to  pass  out  of  ex. 
istence,  in  accordance  with  the  provision  of 
an  existing  Act  of  Congress,  when  and  how 
can  the  knowledge  we  so  much  need  ever  be 
obtained,  and  what  shall  we,  as  Engineers  do 
without  it,  in  the  ijresence  of  the  demands 
made  upon  ns  to  construct  works  in  the  new 
materials  offered  for  our  use,  and  in  shapes 
which  we  desire  to  use,  but  cannot,  for  want 
of  correct  knowledge  as  to  their  strength  aud 
behavior. 

Unless  Congress  can  be  influenced  to  repeal 
the  clause  legislating  the  Board  out  of  exist- 
ence, and  to  appropriate  the  sum  (say  ten 
thousand  dollars)  necessary  to  enable  the 
Board  to  go  on  with  its  work,  from  year  to 
year,  until  it  is  done,  the  Board  will  cease  to 
exist  before  another  annual  meeting  of  our 
Society.  The  testing  machine  which  has  been 
built  for  its  use,  will  ijass  into  the  possession 
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of  a  government  bureau,  our  profession  and 
the  couutry  will  be  left  to  grope  iu  the  midst 
of  the  ignorance  wtiicli  exists,  and  suffer  a 
lasting  aud  poignant  regret  that  a  most  deserv- 
ving  work  should  be  permitted  lo  fail,  which 
bas  been  so  auspiciously  begun. 

The  American  Socety  of  Civil  Engineers, 
^nd  many  engineering  schools,  clubs  and  so- 
cieties throughout  the  country,  as  well  as  col. 
leges,  mechanical  Institutes,  The  American 
Institution  of  Mining  Engineers.  The  Iron  and 
Steel  Association,  and  many  distinguished 
engineers,  architects  and  mannfiicturers  have 
testified  to  the  need  of  the  investigation,  and 


the  thoroughness  of  its  plan.  The  further 
action  wl.ich  your  committee  recommends, 
and  it  does  so  most  earnestly,  is  the  imme- 
diate use  of  every  bit  of  personal  influence 
which  any  member  of  our  Society  possesses 
to  procure  favorable  action  on  the  part  of  the 
committees  on  appi-opriations  of  the  United 
States  Senate  and  House  of  Representatives 
on  the  aiiplication  made  in  behalf  of  the 
Board  by  yuur  committee,  for  the  appropria- 
tion of  ten  thousand  dollars  for  the  current 
expenses  of  the  United  States  Testing  Board 
duiiug  the  next  fiscal  year. 


Report  of  the  Centenniai,  Commission. 

Pbesented  by   rHEi'DORE  G,  Eli-is,  Chaikman. 


The  duties  assigned  to  the  Centennial  Com- 
inission  have  all  been  completed,  with  the  ex- 
ception of  preparing  memoirs  upon  the  va- 
rious branches  of  Engineering  exhibited  at 
the  Centennial  Exijosition.  The  iireparation 
of  these  memoirs  was  assigned  to  t-ubcom- 
mittees.  only  two  of  which  have  yet  rei^orted. 
The  memoirs  upon  Lighl-huuse  Euyineering 
and  upon  Rivers  aud  Harbors,  have  already 
been  prese:ited  to  the  Society.  It  i.s  hopi  d 
that  the  others  are  in  prt-panition.  and  will 
soon  be  presented.  Although  it  is  a  severe 
tax  upon  the  time  of  the  gentlemen  to  whom 


thedutv  lias  been  assigned,  it  is  a  work  for 
which  tliey  have  been  selected  on  account  of 
Iheir  eminent  fitness,  and  as  it  is  a  matter  of 
great  importance  t>  the  Society  to  retain  a 
record  of  the  iuterestins  exhibit  it  presented, 
it  is  believed  that  these  memoirs  will  be  pre- 
sented as  soon  as  time  can  be  spared  to  pre- 
Ijare  them. 

The  commission  still  desires  and  hopes  that 
a  nearly  complete  set  of  these  memoirs  will  be 
prepared,  and  it  would  be  well  to  continue  it 
I'.ntil  the  several  sub-commiltees  have  re- 
Ijorled. 


Heport  of  THE  Commit  i  ee  on  Permane.^t  Quarters  for  the  Society, 

Peesested  by  F.  Colli.vgwood,  fob  thk  Committee. 


The  Committee  rexjorts  that  the  lease  of  the 
bouse  now  occupied  by  the  Society  extends  to 
May  1st.  1879.  While  there  are  cer  ain  incon- 
veniences in  the  use  of  the  present  quurtrrs 
it  will  jirobably  not  be  advisable  to  incur  the 


expense  of  a  removal,  unless  very  decided  ad- 
vantagi's  can  be  gained  thereby.  Should  the 
Coniuiittee  be  continued,  it  will  suggest  to  the 
Society  any  oppoi  tuiiity  which  may  become 
available  for  permanent  improvement. 


Report  o7  the  Committee  ox  Gauging  of  Streams. 

Presented  for  the  Committee  bt  J.  J.  U.  Croes,  Chairman. 


The  Committee  can  only  report  that  the 
bopes  which  they  were  led  to  entertain  at  the 
date  of  the  last  report,  in  November,  have  not 
been  fulfilled  ;  that  no  interest  seems  to  have 
been  taken  by  any  persons  iu  the  matter,  and 
that  the  two  departments  ot  New  Yirk  City, 
which  we  had  reason  to  think  would  give  the 
results  of  observations,  have  failed  .entirely  to 
respond.  The  Commissioner  of  Public  Works 
had  stated  that  the  results  of  gaugings  of  the 
flow  of  the  Crt  ton  river,  continuous  for  the 
last  two  or  three  years  would  be  published  in 
the  first  quarterly  rcpoit  for  1878.     That  re- 


port hns  appeared,  and  there  is  nothing  in  it 
about  it. 

The  Coniraissioners  of  Parks,  who  gave 
reason  to  believe  that  they  would  engage  in 
the  guiging  ot  the  streams  iu  Westchester, 
in  Wards  :'3  and  24  of  New  York,  on  .finding 
that  the  tiecessary  preparations  fo-  such  gaug- 
ings would  cost  between  two  and  three  hun- 
dred dollars,  laid  the  mattei;  over  indefinitely, 
and  the  Cmnmiitee  can  only  I'eport  that  no 
progress  has  been  made,  much  to  their  re- 
gret. 
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LIST  OF  NEW  BOOKS  ON 

ENGINEERING    AND    TECHNOLOGY 


AljiUabets,  Book  of.  For  Painters,  DraiiRhts- 
men.  Designers.  &C.  lucludiug  all  Btaud- 
ard  styles  aud  many  new  and  popular  oues 
An;oiifj  otheii<,  Geimau,  FreiiL-li,  Old  Jiug- 
liBh,  &c.  Jesse  Hauey.  New  York.  Am. 
Aews  Co.     $l)..'0. 

Astroumuy.     The  main  facts  of  popular 

and  Mathen)atieal  Geometry.  J.  ii.  Laug- 
ler.     London      Timo,  :^d  ed      Simpkin.    Is. 

Bridi;e.     The  Illinois  aud  St.  Louis  ;  by 

Prof.  C.  M.  Woodward.  Washington  Uni- 
versity S  .  L.'Uis.  This  work  is  uiideitakeu 
at  request  of  ('apt.  EadS;  and  all  questions 
of  fact  will  he  eudorsed  by  him.  Fully 
illustrated      (.\unonuccment  ) 

.     The  proposed  Tower — .     Observations 

to  prove  that  a  New  Bridge  east  of  Loudon 
Bridge  is  unnecessary  With  Returns, 
showing  theTriiffio  of  London  Bridge  to  he 
much  Decreased.  Peter  W.  Barlow.  Lon- 
don.    8vo.     Sitiins.     6d. 

Canal  aud  Culveit  Tables.  Louis  D'A.  Jack- 
son. London.  W.  H.  Alien  k  Co.  (An- 
nouncemeiit  ) 

Carpentry  aud  Joinery:  Tredgold's  audTam's 
Atlas  to.  (Weiile's  series.)  Londou.  4to, 
2d  ed.     Criisby  Lockwood.     &■>. 

Casting  cud  Fnuuding.  A  practical  Treatise, 
with  desiriptious  of  modern  machinery 
emijloyed,  li.  E.  Spretsou.  Londou.  »vo, 
plates,     t^poiis.     (Announcemeut  ) 

Chemistiy.       Elenjeuts  of ,  Theoretical 

and  Practical.  Part  2.  Juorgauic  Chemistry. 
W.  A.  Miller.  Loudon.  8vo.  L'lnymans. 
24s. 

Handbook  of  Modern  Chemistry.  Inor- 
ganic and  Organic.  C.  M.  Tidy.  London. 
8vo.     ClntrchiU.     IGs. 

Civil  Service  Comnussion.  Table  of  Rules 
aud  Rf-gulations  respecting  Examinations 
for  th«  Home  Civil  Service,  the  Army,  the 
Civil  Si  rvice  of  India,  &c.  8vo.  Biilish 
Giivern merit  Publications.     Is.  9d. 

Cott'iu  Manufacturers',  Minagers'  and  Spin- 
ners' -New  Pocket  Guide,  containing  Exam- 
ples of  the  various  calculations  connected 
with  the  Machinery  of  a  Cotton  Mill,  with 
rules  to  ti..d  the  speed  of  any  shaft,  drum, 
spindle,  or  roller  connected  with  Machirery. 
John  Moss.  Manchester.  12mo.  Heywood. 
38  (id. 

Drawiig.  The  parallel  and  meridian  system 
of  map  drawing  in  connection  with  a"  ruler 
for  making  the  parallels  and  meridians, 
whether  straight  or  curved.  W.  V.  Mar- 
shall.    New  York.     4to.     liarnes.     $0  20 

Energy.  The  Cnuservation  of .  An  ele- 
mentary treatise  on  — ,  aud  its  laws. 
Balfour  Stewart.  Loudon.  Post  8vo,  new 
id.     O.  K.  I'iiul      5s. 

Engineering  I  ield  Work.  2d  ed.  Revised, 
with  additions  and  a  suiiplementary 
volume  on  Waterworks.  W  Davis  HaskoU. 
Lnndon.     8vo.     Cnmby  l.oclcwmid.     25s. 

Examiuiitious,  Complete  Guide  to  the  .Stand- 
ard   ,  cniis  sting  of  twenty-lour   entire 

sets  of  paper  on  Ar  thmetic,  with  examples 
on  other  subjects.  J.  Heywood.  Loudon. 
12mo      (.\nnouncemeut.) 

Geology.  Elementary.  E.  B.  Andrews.  Cin- 
<';nii!iti.  iJmo.  Van  Aniwtrp,  Bragg  it  Co. 
J  1.00. 


Handbook  to  the  Principal  Professions,  based 
on  the  mo.st  recent  liegulalions  Concerning 
Admission  to  the  Navy,  Army,  aud  Civil 
Services  (Home  and  Indian);  the  Legal  and 
Medical  Professions;  the  Professions  of  a 
Civil  Engineer,  Architect,  aud  Artist,  and 
the  Mercantile  Marine.  C.  E.  Pascoe. 
London.     Post  8vo,     Low.     3s.  6d. 

Hydrostatics  of  the  Cistern,  Drain  and 
Sewer.  T.  Morris.  Loudon.  12mo.  Simd- 
kin.     Gd. 

Kew.  Report  on  the  Progress  and  Condition 
of  the  Royal  Gardens  at  Kew  during  the 
year  1877.  Post  8vo.  British  Gov't  i'uUlica- 
iimts.     6d. 

Lectures  ou  the  Labor  Questi  n.  lhoma& 
Brassey,  M.  P.  3d  ed.  London.  8vo. 
Scribiier  <£■  Welford.     New  York.     $3.00. 

Mensuration  and  Measuring.  T.  Baker.  New 
ed.,  rev.  by  E.  Nugent.  (Weale's  Series.) 
London.     r2mo.     Crfsby  Lockwood.     Is   6d. 

Mi.rophnue,  The With  notes  on  the  Tele- 

jihone  and  Phonograph.  Alex.  Watt.  Lon- 
don.    32mo.     H"W'st'in.     (id. 

Mint,  The of  the  United  ^tates  ;  a  hand- 
book <if  iuformution  as  to  how  our  coins  are 
made.  Wm.  M.  Rankle.  Philadelphia. 
8vo.     S.  T  Sobder.     $0.'J5. 

Ornament  — Designers'  and  Draughtsmen's 
Hi. nd book  of.  With  112  Illustrations;  ex- 
plaining the  various  styles  of  Dt-coratiOn. 
W.  Gibbs.     Loudon.     Ijeand:  Son.     Is. 

Painter's  Mauual.  Jesse^Uaney.  New  York. 
Am.  News  Co.     $0.50. 

Paris  Universal  Exhibition  of  1878.  Victoria, 
Australia.  Oflicial  Catalogue  of  Exhibits. 
Post  8vo      London.     Burt. 

Philosophy^  I'eschaiiel's  Natural.  An  Ele- 
mentary Treatise.  Trans,  and  extended  by 
J.  1).  Everett.  London.  8vo.,  illus. 
Blackie  <t-  Son      18s. 

Physic  s .      Questions    and    Problems    in 

Elementary  Physics,  cont.  numerous 
practical  examples  aud  exercises.  C.  L. 
Hiitze.  bt. Louis.  12mo.  Central  Pub.  Co. 
$0.75. 

Punkahs — On  the  Working  of,  in  India,  as  at 
present  carried  out  by  coolie  labor,  and  the 
same  operation  afl'cct  d  by  machinery.  R. 
C.  Parsons.     London.     8vo.     Spons.      Is. 

Railroads:  their  Origin  and  Problems.  Charles 
F.Adams,  Jr.  New  York.  12mo.  Putnam. 
.$1.25. 

Rainfall.  Di.stribution  of  Rain  over  the 
British  Isles  during  the  year  1877,  as  ob- 
serv' d  at  about  /  OuO  s  ations  in  Great 
Britain  and  Ireland.  G.  J.  Symous.  Lou- 
don.    Kvo.     i^lmifiird.     5s. 

Bocks  —Classified  "aud  Described  ;  .\  Treatise 
on  Lithology.  (Bernhard  Van  Cotta  )  An 
English  edition,  by  Philip  H.-nry  Lawrence, 
with  English.  German  and  French  Syn- 
on\ms.  Revised  by  the  Author.  New  ed. 
Post  8vo.     Longmans.     14s. 

Sewerage.  Short  History  of  the  Wolver- 
hampton ;  with  a  lew  bints  on  the  Ventila- 
tio:i  of  H'luse  Drainage.  G  J  C.  Broom. 
L  >ndi>n.     8vo.     Spinis.     Is    6d. 

Technical  .Manuils,  Cassell's.  Illustrated 
throughout  with  Drawings  and  Working 
Diagrams,  bound  iu  cloth.  London. 
Cassd,  PMer  tt:  Galpin. 
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Bricklayers.  Drawing  for.     3s. 

Bu  liUiif!  Construction.     2s. 

Cabinet-Makers,  Drawing  for.     3s. 

Carpenters   and    Joiners,    Drawing    lor. 
3s.  6(1. 

Gothic  Stone  Work.     3s. 

Linear  Drawing  and  Practical  Geometry. 
2s. 

Linear  Drawing  and  Projection.     The  two 
volumes  in  one.     3s.  6d. 

Machinists  and  Engineers,  Drawing  for. 
4s.  6d. 

Metal- Plate  Workers,  Drawing  for.    3s. 

Model  Drawing.     3s, 

Orthographical  and    Isometrical    Projec- 
tion.    2s. 

Practical  Perspective.     3s. 

Stonemasons,  Drawing  lor.     Cloth.     3s. 

Applied  JiHciianics.     Cloth.     2s. 

Color.     With  colored  plates.     2s   Cd. 

Systematic  Drawing  and  shading.     2s. 

Timber  and  I,og  l'.ook,    Heaily-Keikoner  and 

Price  Book.     O.  Byrne.     New  Yoi'k.     Am. 

News  Co.     $n.25. 

Tramways    Intelligence  ;    .\    Short    History, 

compiled    from    Official    Sources,    oi'    the 


Principal  Tramway  and  Omnibus  Com- 
panies. With  Useful  Tables  for  Investors- 
Second  year  of  issue.  8vo.  E.  WilS'.n.  Is.  6d. 

V^lve  Gears.   Slide .   A  new  graphical 

method  for  an'-ilyzing  the  action  of  slide 
valves  moved  by  eccentrics,  link-motions 
and  cnt-oflf  genrs:  offering  easy  means  for 
designing  valves  and  valve  gears,  and  for 
establishing  thf  comparative  merits  of  their 
various  construrtions.  Hugo  Bilgram. 
Philadelphia.  Claxton,  Remsen  &  Ilaffel- 
fiiig^r.     $1.U0. 

Villages  and  Village  Life,  with  Hints  for  their 
Improvement.  Nathaniel  Hillyer  Egle.'ton. 
Post8vo.  New  York.  Harper  £  Brothers. 
$1.7.5. 

Water  ;  Its  Physical  Properties,  Sources, 
Distribution  over  the  Earth,  and  Uses  for 
Engineering  and  Sanitary  Purposes.  Prof. 
D.  P.  Ansted.  Loudon.  W.  H.  Allen  &  Co. 
(Announrement.) 

White  Mountains —  Stereoscopic  Views;  with 
descriptive  text.  Ulus.  by  the  Albertype 
process  (with  leus  attachment).  New  York. 
12mo.     I/arroun  it  liierstadt.     $3.00. 


.\J)DITIONS   TO 


LIBRARY     AND     MUSEUM. 


From  American  Iron  and  Steel  Associa- 
tion. Philadelphia  : 
Annual  Report  of  the  Secretary,  July  15, 1878. 
From    C.     A.    Angstrom,    Stockholm, 
Sweden  : 
Experiences  de  force  et  de  traction  sur  des 
to'es   suedois  ))roduites  par   des  jirocedes 
divers.     Stockholm.     1878. 

From  the  Argentine  Scientific  Society, 
Buenos   Ayres  : 
Annals    of   the  Society.     Vol.  Ill,  1877,  and 
July,  18'8. 

From  J  B.  Bachelder,  Wash'ngton  : 
Information  as  to  preparation  of  the  Engineer 
Maps  of  the  Gettysburg  battle-field.    Wash- 
ington.    1878. 

From  John  Bogart,  New  Y^ork  : 
Original  plates  of  three  bridges  erected  near 
Philade  jihia  in  1813  by  L.  Wernwag. 
From  Boston  Public  Library  : 
Twenty-sixth  Annual  Report  of  Trustees.  Bos- 
ton.    1878. 

From  A.  D.  Briggs,  Springfield,  Mass. : 
Report   of  Water   Commissioners   of  Spring- 
field.    1878. 

From    Civil    Engineers'    Club    of    the 
Northwest.     L.  P.  Morehouse,  Secre- 
tary, Chicago  : 
Troceedinga  of  the  Club.     Vol.  III.     Chicago. 
1878. 

From  Claxton,  Remsen  &  Haffelfinger, 
Philadelphia  : 
Slide  Valve  Gears — a  new  practical  method 
for  analyzyiug  the  action  of  Slide  Valves 
moved  by  Eccentrics.  Link-motions  and 
Cut-off  Gears.  Hugo  Bilgram.  Philadelphia. 
1878. 

From  Eckley  B.  Coxe,  Drifton,  Pa.  : 
Address  delivced  before  the  Alumni  Associa- 
tion  of    Lehigh   University.     E.  B.  Coxe. 
Philadelphia.     1878. 


From  Daniel  Draper,  New  York  : 
Annual   Report   Meteorological  Observatory. 
1877.     Daniel  Draper.     New  York.     1878. 
From  James  B.  Eads,  St.  Louis  : 
Review  of  letter  of  Gen.  A.  A.  Humphreys  to- 
Hon.   E    W.   Robertson.      James  B.  Eads. 
Washington.     1878.     (3  coi^ies.) 
From  Albert  Fink,  New  York  ; 
Are  the  New  York   Railroads  discriminating 
against  the   Commerce  of  New  York  City. 
Albert  Fink.     New  York.    1878. 

From  B.  M   Harrod,  New  Orleans  : 
Report  of  Board  of  Engineers  on  New  Orleans 
Harbor.  New  Orleans.     1878. 

From  Rudolph  Hering.  Philadelphia  : 
Bearing  Piles.     R.  Hering.     Chicago.     1878. 

From  Clemens  Herschel,  Boston  : 
On  the  erosive  and  abrading  Power  of  Water 
up  n  the   sides   and  the  bottom  of  Rivers 
and   Canals.      Clemens    Herschel.       Phila- 
delphia.    1878.     (Copies  for  distribution.) 
From  Julius  E.  Hilgard,  Washington  : 
Report  of  the  SuiDeriuteudeut  United  States 
Coast  Survey,  1875.     Hon.  C.  P.  Patterson. 
Washington.     1878. 

From  Gen.  A.  A.  Humphreys,  Washing- 
ton : 
Instructions    for    obiserving    the  total   Solar 
Eclipse   of   July   29th,   1878.     Wa.-^hington. 
1878. 
Ninth  Report  of  Improvement  of  South  Pass 
of  Mississippi  River.   M.  R.  Brown.   Wash- 
ington.    1878.    (Copies  for  distribution.) 
From    Institute    of     Civil     Engineers, 
James  Forrest,  Secretary.  London  : 
Abstract  of  Papers   in   foreign   Transactions 
and  Periodicals.    Vol.  III.    Part  3.    Sessiou 
1877-1878.     Loudon.     1878. 
The    Centrifugal    Pump.      Wm.    C.    Unwin. 

London.     1878. 
Chemical  and  Physical  Analysis  of  Phosphoria 
Steel.     A.  L.  Holley,  London.    1878. 
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Direct  Acting  or  Kon-Rotatlve  Pumping  Eu- 
giues  and  Pumps.  Heury  Day.  Loudon. 
1878. 

The  drainage,  irrigation,  and  cultivation  of  tlie 
Albufera  ol  Alcudia,  Majorca  ;  and  applica- 
tion or  tlie  Common  Eeed  as  a  material  lor 
paper.     H.  K.  Waring.     London.    1878. 

On  the  main  Drainage  of  Paris  and  tlie  util- 
ization of  its  Sewage.  Felix  Target.  Lon- 
don.    1878. 

The  Egreniont  Ferry  Landing.  Wm.  Carson. 
London.     1878. 

On  the  Flow  of  Water  through  Level  Canals. 
James  A.  Lougridge.     Loudon.     1878. 

The  Hue  via  Pier  of  the  Rio  Tinto  Kail  way. 
Thomas  Gibson.     Loudon.     1878. 

Machine  Tools.     P.  K.  Allen.     London.  1878. 

Minutes  of  the  Institution  of  Civil  Engineers. 
With  other  selected  and  ab^tracted  papers. 
Vol.  LIT.     Paitll.     London.     1878. 

Note  on  the  Ventilation  of  Mount  Cenis  Tun- 
nel.    Wiu.  Pole.     London.     1878. 

Notes  ou  Kidlway  Appliances,  at  the  Philadel- 
phia Exhibition  of  1876.  Douglas  Gallon. 
Londou.     1878. 

The  Steam  Navy.  C.  D.  Fox.  James  Brand, 
H.  M.  Whilley,  and  C.  A.  Harrison  Lou- 
don.   1878. 

On  the  Strength  of  Flat  Plates  and  Segmental 
Ends  of  Boilers  and  other  Cylinders.  Daniel 
K.  Clark.     Loudon.     1878. 

From  the  Irou  and  Steel  Institute,  Julien 
Deby,  Secretary,  Loudon  : 

Journal  of  the  Institute.  No.  1.  London. 
1878. 

From  Charles  Latimer,  Cleveland  : 
■Comparative  Statement  of  Exiieuses  iu  Engi- 
neer Departmeut,  Atlantic  aud  Great  West- 
ern Railway.     April,  1877-78.     Charles  Lat- 
imer.    Clevelaud,     1878. 

From  Wm.  H.  Lotz,  Chicago  : 

Reports.  United  States  Coast  Survey,  1865,  '66, 
'67,  '68,  'C9,  '70,  '71,  '72,  '73.     wiishingtou. 

Theoretical-Practical  Ilaudbook  of  the  manu- 
facture ot  Pig  Irou  (German).  U.  Valerius. 
Freiberg.     1851. 

From  Charles  Macdonald,  New  York  : 

Expositiou  des  Ponts  coustruits  par  Delaware 
Bridge  Company.  Paris  Exhibition.  Chas. 
Macdonald.     New  York.     1878. 

Illiistrated  Album,  Delaware  Bridge  Com- 
pany. Charles  Macdonald.  New  York. 
187.V 

From  Wm.  H.  McFadden  and  Charles 
G.  Darrach,  Philadelphia  : 
Plans    of   Philadelphia    Water     Department. 

Wm.  H.  Met addeu  and  Charles G.  Darrach. 

Philadelphia.     1878. 
Topographical  Map  of  Philadelphia,  phowing 

Water  Mains  and  Street  Grades.     Wm .  H. 

McFadden  aud  Charles  G.  Darrach. 
From  Wm.  J.  Nicolls.  New  York: 
The  Railway  Builder.     Wm.  J.  Nicolls.     New 

York.     18)8. 

From  Ernest  Pontzen,  Pari.s: 
■<Um6nts    I  ortland.      Notice     sur    les   Chaux 

Kminemmeuts   Hydrauliqucs    de  Lafarge. 

MM.  L.  et  E   Pavin  de  Lalarge.  Paris.  1878. 
Oompagnie  FrauQaise   Ciment  de  Grenoble. 

JMoreau,  Porteret,  Berethelot  &  Cie.     Paris. 

1878. 
De  Teinploi  des  Chaux   et  des  Cimcnts  Port- 
lands.    Lafarge.     L.  and  E.   Pavin   de  La- 
farge.   Paris.     1878. 
Del- Bail  des  Si)itzberg- Tunnels  auf  derPilsen- 

ciseustein-balin.      .\loise    Stane    uud    Carl 

Paschcr.     Berlin.     1878. 


Excavateur  pour  grands  Travaux  de  Terrasse- 

nients.  Ports,  Cauaux,  Franchees,  etc.     A. 

Couvreux.     Paris.     1878. 
Expositiim   Univeiselle  ii  Paris.     Notice  sur 

les  Modeles,  Cartes  et  Dessins  reiatifs  aux 

travaux  des  Pouts  et  ChauMies   reuuis  pas 

les  soins  du  luinistere  des  travaux  publics. 

Paris.    1878. 
Le   Graud   Ballon   Captif  a   vapeur.     Henry 

Gifford.     Paris,  1878. 
Techuischer    Bericht  zum   Pmjekte   fiir  die 

Marclileld  Bewasserung.     J.  von  Podhasky. 

Vienna,  1878. 
Usiue  de  Frangey  Quillot  Freres  fabricantsa 

Frangey,  par  Leziuiies.     Paris,  1878. 
Friim  Francis  Rinecker,  WUrzburg: 
Specificati(ms     of    Pennsylvania     C  "mpany, 

General  form  of  Cout-truction  Contract. 
Specifications    of     Peunsylvania     Company, 

Grubbing,  Clearing  and  Grading. 
Specitications  of  Pennsylvania  Company  for 

Stone  Masonry. 

From  Royal  United  Service  Institution,' 
B.  Burgess.  Secretary.  London : 
Journal  of  the  Institution.     Vol.  XXII,  1878, 

No.  XCV.  London. 
Journal  of  the  Institution.      Vol.  SXII,  1878, 

No   XCVL  London. 
Appendix  to  Vol.  XXI  of  the  Journal  of  the 

hoyal  United  Service  Institution.    London. 

1878. 

From   Hon.   Horatio   Seymour,  Jr.,  Al- 
bany: 
Annual   Report  of  State  Engineer  and  Sur- 
veyor.    H.  Seymour,  Jr.      Albany.  1878. 
From    Societe   des  lugenieurs   Civils, 
Paris: 
Transactions   of   the   Society.     January   and 

February,  1878.    Paris. 

From  R.  H.  Thurston,  Hoboken: 
Results  of  a  Series  ot  Tests  oi   Cold-Punched 

and   Hot-iressed   Nuts— a   Report.     R.    H. 

Thurston.     Philadelphia,  1878. 
The  Plow  of  Metals.  David  Towusend.  Phila- 
delphia, 1878. 
Report  of  New  Jersey  State  C'^mmission  ap- 

jjointedto  devise  a  plan  for  the  Encourage- 

nient  of  Manufactures  of  Ornamental' and 

Textile  Fabrics.     Trenton,  1878 

Frrm  J.  Nelson  Tubbs,  Rochester: 
Annual  Report    of  the    Executive    Board  of 

Water    Works    of    Rochester.      Rochester, 

1878. 

From  U   S.  Light  House   Board,  Wasli- 

iugt  )n : 

New  List  of  Buoys,  Towers,  Beacons,  Stakes 

and  other  day  marks   in  the   Third  Light 

House  District.     Corrected   to   July,    1878. 

Washiugtou,  1878. 

From  George  T.  Walch,  Madras.  India: 
Notes  on  some  of  the  chief  navigalile  rivers 
aud  canals  iu  the  Unite  I  States  aud  Canada. 
George  T.  Walch.     Madras,  1878. 

From  William  H.  Wiley.  New  York: 
Tunnelling.    Explosive  Compounds  and  Rock 
Drills.     Heury  S   Drinker.  New  York,  1878. 
From  other  Sources: 
Papers  ou  sul>jects  conuerted  with  the  duties 
of  the  Corps  ol  Royal  Eugineers,  Vols.  1,  2, 
3,  4,  5.  6,  7.  8,  !),  111.     Londou.  1847. 
Opinion  of  the  U.  S.  Circuit  Court.  District  of 
Jlassachusetts.  in  the  case  of    I  he  Atlantic 
Giant  Powder  Company  w  Cieorgc  A.  Good- 
year, aud   the  same  vs.   George   W.  Town- 
send.     New  York,  I87H. 
Record  on  motion   for  lntcrlO(;utory  Injunc- 
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tlon  in  the'  case  of   Tbe    Atlantic    Giant 
Powder  Company  vs.  George  A.  Goodyear. 
Boston,  1H77. 
Specification     for    the    McAdamizins  of  the 
Flusliing  and  North  Hempstead  Turnpike, 


in   the  Town  of  Fhisliing.   Queens  Co.,  N. 
Y.,  1878. 
Specifications  and    proposal   for   Asphaltunn 
Pavements.     Washington,  1878. 


ANNOUNCEMENTS. 


The  Twenty-sixth  Annual  Meeting  of  the 
Society  will  bo  held  Wednesday,  November 
6th,  1878,  at  10  a.  m. 

In  Vol  LIII,  Session  1877-8,  part  3.  of  the 
abstract  of  papers  in  Foreign  Transactions 
and  Periodicals,  published  by  the  Institution 
of  Civil  Engineers,  London,  and  edited  by 
James  Forrest,  Secretary,  there  are  abstracts 
of  the  following  papers  from  Transactions  of 
this  Society  : 

Notes  and  experiments  on  the  use  and  test- 
ing of  Portland  Cement,  by  W.  W.  Maclay 
(No.  CLII,  Vol.  Vl.'Cecember,  1877). 

Igniting  Blasts  by  means  of  Electricity;  by 
Julius  H.  Striedinger  (No.  CLIII.,  Vol.  VII, 
January,  1878). 

The  Improvement  of  the  South  Boston 
Flats;  by  Edward  S.  Pliilbrick  (No.  CLV,  Vol. 
VII,  February,  1878). 

On  a  new  method  of  detecting  overstrain  in 
Iron  and  other  metals;  by  Robert  'H.  Thurs- 
ton (No.  CLVI,  Vol.  VII,  March,  1878). 

The  next  regular  meeting  of  the  American 
Institute  of  Mining  Engineers  will  be  held 
at  Lake  George,  October  15th,  1878. 

Members  who  desire  to  secure  complete 
sets  of  the  Transactions  of  the  Society  are 
requested  to  send  to  the  Secretary  a  list  of 
the  papers  which  are  needed  to  fill  up  their 
sets.  Some  of  the  earlier  papers  are  out  of 
print.  If  orders  are  received  for  a  sufficient 
number  to  warrant  the  expense,  a  reprint 
will  be  made. 

Special  attention  is  called  to  the  code  of 
rules  for  aWara  of  the  Norman  Medal,  iiiiuted 
at  the  end  of  this  number.  Papers  for  com- 
petition must  be  submitted  previous  to  Sep- 
tember 6th,  1878.  All  members  of  the  Society 
are  invited  to  assist  in  securing  the  presenta- 
tion of  papers  for  this  award. 

All,  persons  who  desire  a  copy  of  the  Bill 
now  pending  before  Congress,  to  amend  the 
Statutes  in  relation  to  Patents,  should  send 
their  address  to  W.  C.  Hill,  clerk  of  Senate 
Committee  on  Patents,  Washington,  D.  C.,\vho 
will  immediately  forward  the  same. 


If  postal  orders  are  made  nee  of  in  trans- 
mitting money  to  the  Treasurer  or  Secretary, 
care  should  always  be  taken  to  send  at  the 
same  time  the  full  uame  of  the  i^erson  to 
whose  order  it  is  drawn,  with  official  title,  if 
any  such  is  given  at  the  time  of  obtaining  the 
order.  This  information  is  absolutely  re- 
quired to  secure  the  payment  of  an  order  at 
the  New  York  Post  Office. 

A  photograph  was  taken  of  the  members  of 
the  Society  during  their  recent  visit  to 
Lowell  on  June  21st.  Any  iierson  desiring  a 
copy  can  obtain  it  by  sending  his  addi'ess  to 
Mr.  James  B.  Francis,  Lowell,  Mass.  Price 
11.00. 

Discordant  St.\.nd.4.rds  of  Mfasurement. 
— A  number  of  members  of  the  Society  desire 
to  obtain  for  publication,  statements  of  the 
various  discordant  standards  of  measure  in 
use  in  the  United  States.  It  is  known  that  in 
many  cities  the  old  standards  are  more  or 
less  at  variance  with  the  present,  and  that, 
quite  frequently,  confusion  and  annoyance 
are  the  result.  A  table,  compiled  from  the 
information  which  is  undoubtedly  in  the  pos- 
session of  members  of  the  Society,  would  be 
both  interesting  and  valuable.  The  request 
is,  therefore,  made,  that  any  information 
which  would  be  of  assistance  in  the  prepai-a- 
tion  of  such' a  table  be  forwarded  to  the  Sec- 
retary. The  replies  should  state  the  equiv- 
alent of  the  measures  referred  to  in  U.  S. 
standard  feet  or  in  meters,  together  with  any 
additional  notes  which  may  be  applicable.  If 
provisional  equivalents,  alterwards  proving 
incorrect,  have  been  adopted,  the  value  of 
these  should  also  be  stated. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society,  and 
ordered  printed  regularly  in  the  Society  pub- 
lications: 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad; 
and  whereas,  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
familiar  to  all,  by  comparison: 

Resolved,  That  Members  be  requested,  in 
papers  hereafter  jiresented  to  the  Society,  to- 
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write,  in  parenthesis,  weights  or  dimensions 
by  the  metric  system  in  connection  with  those 
of  the  system  in  general  use. 

In  reference  to  the  foregoing  resolution,  a 
member  of  the  Society,  now  in  Europe,  writes 
as  follows: 

I  should  like  to  draw  the  attention  of  mem- 
bers ol  the  Society  to  a  small  instrument  for 
the  easy  reduction  of  figures  to  the  difl'erent 
standards.  This  is  the  sliding  rule,  invented 
byGunter,  in  London,  in  1624.  Improved  by 
Seth  Partridge,  in  1G57,  it  came  into  use  in  the 
■  establishment  of  Boulton  &  Watt,  at  Soho, 
under  the  name  of  the  Soho  liule.  About 
thirty  years  ago,  it  was  further  improved  by 
A.  Mannheim,  in  Trance,  by  the  addition  of 
the  curseur.  Although  the  rules  have  various 
uses,  they  are  of  sjiecial  value  for  the  traus- 
lormation  of  dimensions,  weights,  etc.,  from 


one  ta  another  standard  ;  the  rule  making 
tables  with  their  chances  of  misprints  super- 
fluous, only  the  reciprocal  value  of  the  units 
being  required  for  its  use. 

The  House  of  the  Society  is  at  104  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram- 
ercy  Park.  It  is  open  from  nine  o'clock 
A.  M.  to  five  o'clock  p.  M.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  p.  M.  ' 

The  Library  and  Conversation  Kooms  will 
also,  for  the  present,  be  open  every  Tlnirsday 
evening,  from  7A  to  10  p.  M.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals,  and  for 
conversation. 


LIST      OF      MEMBERS, 


ADUI  rioN. 
mI'.muf.r. 


iJate  of  Election. 

C'l  AKKF..  Ei.roT  C IViii.  As't  Engineer  in  charge  of  Im- 
proved Sewerage,  74  Treinonl  .St., 
Boston,   Mass Sept.   4tii.    1S78 


CHANGf^S    AND   C0RKF.(_:TI0N>.. 
MKMliEK.S. 

Aldrigh,  James  C Is'oith  Scituate,  R.  I. 

Chittenden,  S.  II As't  Eng.  Elk  River  Shoals,  Decatur,  Alabama. 

CoRTHELL,  F..  L Res.  Engineer,  South  Pass  Jetties,  383  Friendship  St., 

Providence,  R.  I. 
Haki.ow,   James  II Prin.  As't  Eng.   Davis  Island  Dam,  Box  70,   Pittsburgh, 

Pa. 
Hill,  Jfi^  W Mechanical  Engineer,  S.  E.  cor.  I'ifth  and  NN'alnut  Sts., 

Cincinnati,  Ohio. 
Warfield,  a.  G.,  Jr Assistant  State  Engineer.  San  l'"iancisco,  Cal. 

JUNIORS. 

Cl.\y,  Georc;e  E. .7  West  Forty-fifth  Street,  New  York. 

Merriman,  Mansfield.  .  .Prof.  Civil  and  Mechanical  Engineering,  Lehigh  Univers- 
ity, Bethlehem,  Pa. 

WiiiNFRY.  Samuei .^s't  Eng,  U.  S.   Engineer  Corps,   Elk  River  Shoals,  De- 

catnr,  .Alabama. 


RESICNAI'ION. 

Hamilton,  Scikiyler.  . .  .Member  Sept.  4tli,  1878. 
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Imerlcan  locidg  of  :(j;uil  jrnjineers. 


PROCEEDINaS. 


Vol.    IV.,   July,*    1878. 


>   ♦   < 


MINUTES    OF    MEETINGS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 

OF  THE  SOCIETY. 

Septembeb  4th,  1878.— The  Society  met  at  8  p.  m.  O.  Clianute  in  the 
chair. 

The  ballots  upon  admission  to  membership  were  canvassed,  and 
declared  George  D.  Ansley,  of  Montreal,  Canada,  and  Eliot  C.  Clarke,  of 
Boston,  Mass. ,  were  declared  elected  members. 

A  paper  by  D.  McN.  Stauflfer,  entitled  "Fall  of  the  Western  Arched 
Approach  to  South  street  Bridge,  Philadelphia,"  was  read  by  the  Secre- 
tary and  discussed  by  Messrs.  Chanute,  Emery,  North,  Schuyler,  and 
Bogart. 

September  18th,  1878. — The  Society  met  at  8  p.  m.,  M.  N.  Forney  in 
the  chair. 

A  letter  fi'om  Thomas  H.  Johnson,  describing  Asphalt  Pavements  laid 
in  Columbus,  Ohio,  and  the  results  of  traffic  upon  them,  was  read  by  the 
Secretary. 

A  statement  as  to  the  process  of  construction  and  method  of  laying 

*  The  minutes  of  meetings  are  carried  in  this  number  up  to  November  6th,  1878.  The 
fact  that  November  proceedings  are  published  in  a  number  headed  July  is  explained  in  the 
Annual  Report  of  the  Board  of  Direction.  When  the  Board  for  the  current  year  took  office  in 
November,  1877,  the  number  of  Transactions  headed  September,  1877,  was  the  last  that  had 
been  published.  During  the  year  as  many  numbers  have  been  published  as  it  was  possible  to 
do,  and  at  the  same  time  pay  off  the  large  accumulation  of  debt  which  was  found  to  exist 
against  the  Society.  The  present  number  makes  ten  issues  during  the  year,  instead  of  twelve. 
As  the  Society  is  now  entirely  out  of  debt,  it  is  purposed  to  make  up  the  lacking  numbers  with 
the  least  possible  delay. 
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various  asphaltic  pavements  in  the  City  of  New  York,  inchiding  the 
Grahamite  pavement  on  Fifth  avenue,  a  road  pavement  in  the  Central 
Park,  the  Neuchatel  rock  pavement  in  Union  square,  and  an  asphaltic 
block  i^avement  in  Twenty-second  street,  was  read  by  John  Bogart. 

A  description  of  asphaltic  pavements  in  Paris,  and  of  a  preserved 
wood  block  pavement  laid  in  Boston,  was  given  by  Edward  R.  Andrews. 

An  asphaltic  block  i^avement  laid  in  Philadeliihia  was  described  by 
Edward  P.  North.  A  coal-tar  pavement  laid  in  Brooklyn,  which  has 
lasted  a  number  of  years,  was  described  by  Thomas  P.  Kinsley ;  and  a 
pavement  of  coal-tar  and  stone,  near  Oxford,  England,  which  has  also 
stood  many  years,  was  referred  to  by  David  N.  Melvin. 

A  jDavement  laid  in  Liverpool,  of  granite  blocks,  with  gravel  and  jiitch 
in  the  interstices,  and  covered  to  the  depth  of  one  inch  with  the  same 
material,  was  described  by  George  W.  Dresser. 

The  subject  of  pavements  was  then  generally  discussed. 

OcTOBEK  2r),  1878. — The  Society  met  at  8  p.  m.,  John  C.  Campbell  in 
the  chair. 

The  ballots  for  admission  to  membership  were  canvassed,  and  the 
following  candidates  were  declared  elected  as  members:  Fred.  P.  Stearns, 
of  South  Framingham,  Mass.  ;  Marshall  M.  Tidd,  of  Lewiston,  Me.  ; 
Frederick  M.  Wilbor,  of  Chatham,  N.  Y. 

The  ballot  upon  the  following  resolution  was  canvassed:  "Resolved* 
That  a  committee  of  five  be  appointed  by  the  President,  to  investigate 
and  report  upon  conditions  calculated  for  maximum  economy  in  the  use 
of  steam  in  steam  engines." 

There  were  in  favor  of  this  resolution  38  votes,  and  against  it  62  votes. 
The  resolution  was  thereupon  declared  lost. 

A  report  from  the  Board  of  Direction  was  read,  as  follows  : 

"  The  Board  of  Direction,  having  considered  the  resolutions  and  By- 
Laws  relating  to  duties  of  officers,  which  have  been  referred  to  it,  is  of 
the  opinion  that,  in  the  present  condition  of  the  Constitution  and  By- 
Laws,  such  amendments  as  have  been  proposed  would  only  add  to  the 
existing  confusion. 

"It  is  of  the  opinion  that  the  only  method  by  which  order  can  be 
brought  out  of  the  existing  law  is  by  a  revision  and  codification  of  the 
Constitution  and  By-Laws." 

A  codification*  of  the  i^resent  Constitution  and  By-Laws,  not  chang- 
ing their  provisions,  but  re-arranging  and  condensing  the  original  pro- 
visions and  adopted  amendments,  was  then,  in  accordance  with  the  above 
report,  presented  by  J.  J.  R;  Croes  and  seconded  by  John  Bogart. 

Amendments!  to  the  Constitution  and  By-Laws  were  presented  by 
J.  J.  R.  Croes  and  seconded  by  F.  ColHngwood. 

Amendmentsf  to  the  Constitution  were  presented  by  George  S. 
Morison  and  seconded  by  Charles  Macdonald. 

*  See  page  95,  (A.)  t  See  page  105. 


,  An  ameudmentf  to  the  Constitution  was  presented  by  Cliaiies  Mac- 
donald  and  seconded  by  Edward  P.  North. 

Diagi'ams  showing  the  results  of  tests  upon  certain  hydraulic  cements 
and  upon  bricks  were  then  presented  by  F.  Collingwood,  and  a  paper 
upon  the  subject  was  read  by  him. 

October  16th,  1878. — The  Society  met  at  8  p.  m.,  Charles  Macdonald 
in  the  chair. 

A  paijer  by  R.  Hering,  upon  the  subject  of  "  The  Flow  of  Water, 
illustrated  by  Kutter's  diagram  for  ascertaining  the  flow,  with  a  descrip- 
tion of  the  method  of  obtaining  the  mean  velocity  by  inspection,"  was 
read  by  the  author  ;  and  the  diagram,  drawn  on  a  large  scale  with  refer- 
ence to  small  channels,  with  a  table  of  co-ordinates,  was  presented.  A 
blue  photo-tracing  of  the  diagram  of  Kutter,  as  exhibited  at  Philadelphia 
ill  1876,  was  also  j^resented  by  Mr.  Hering. 

The  subject  of  the  Flow  of  Water  was  discussed  by  Messrs.  Worthen, 
•Croes,  Hering,  and  others. 

NovEMBEK  6th,  1878. — The  Twenty-Sixth  Aniojal  Meeting  of  the 
Society. — The  Society  met  at  10  a.  m.  Vice-President  W.  Miluor 
Boberts  in  the  chair.     The  following  members  were  jDreseut : — 

Messrs.  Andrews,  Baxter,  L.  F.  Beckwith,  Bogart,  Boiler,  Brush, 
CoUingwood,  Cooper,  Coryell,  Croes,  Joseph  P.  Davis,  Dresser,  Emery, 
Eudicott,  Charles  H.  Fisher,  Bryant  Godwin,  Charles  M.  Harris,  KeUey, 
Thomas  P.  Kinsley,  Leavitt,  Leverich,  Lowthorp,  Macdonald,  Maurice, 
Charles  L.  McAlpine,  Melvin,  Morison,  WiUiam  H.  Paine,  Probasco,  Eay- 
mond,  Schuyler,  Searles,  Shinn,  Joseph  S.  Smith,  E.  N.  K.  Talcott,  John 
D.  Van  Buren,  Van  Winkle,  Walling,  Welch,  WilUam  W.  Wilson,  Wor- 
then, Yardley. 

A  letter*  from  the  President,  E.  S.  Chesbrough,  was  read. 
The  following  tellers  were  appointed  to  canvass  the  ballots  at  this 
meeting: — G.  W.  Dresser,  C.  M.  Harris,  D.  N.  Melvin. 

The  Annual  Report  of  the  Board  of  Direction*  was  then  presented, 
read  by  the  Secretary,  and  on  motion  was  accepted. 

The  Annual  Kejjort  of  the  Treasurer*  was  presented,  read  and 
acceiDted. 

The  Eei^ort  of  the  Finance  Committee*  was  presented,  read  and 
acceijted. 

The  Committee  on  Gauging  of  Streams  presented  a  report*  through 
J.  J.  B.  Croes,  Chairman,  which  was  read,  accejited,  and  the  committee 
continued. 

The  Committee  on  Resistances  of  Railway  Trains  jsresented  a  report* 
through  William  P.  Shinn,  Chairman,  and  asked  to  be  discharged.  On 
motion  the  report  was  accepted  and  the  committee  discharged. 

The  Committee    on    Uniform  Accounts  and    Returns   of    Railway 


■  To  be  hereafter  published.  t  See  page  105. 
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Companies  i^resented  a  report*  tlirougli  William  P.  Shinn,  Chairman, 
wliich  was  accepted  and  tlie  committee  continued. 

The  Committee  on  Permanent  Quarters  for  the  Society  presented  a 
report*  which  was  read,  and  on  motion  accepted  and  the  committee 
continued. 

The  Centennial  Commission  presented  a  report*  which  was  accepted 
and  the  commission  was  continued. 

The  Committee  on  Exhibit  of  American  Engineering  at  Paris  pre- 
sented a  report*  through  George  S.  Morison,  Chairman,  which  was 
read.  On  motion  the  report  and  the  memoir  accompanying  were  ac- 
cepted, and  the  memoir  was  referred  to  the  Library  Committee  for 
printing  in  the  Transactions  of  the  Society. 
On  motion,  it  was  also, 

Resolved,  That  a  vote  of  thanks  be  presented  to  the  Committee  on 
Exhibit  of  American  Engineering  at  Paris. 

The  tellers  then  reported  the  result  of  the  canvass  of  votes  for  officers 
of  the  Society,  which  was  announced,  and  the  following  named  members 
were  declared  elected  officers  of  the  Society  for  the  ensuing  year  : — 
President  :  W.  Milnor  Eobekts. 
Vice-Presidents  :  Albert  Fink,  James  B.  Francis. 
Secretary  and  Librarian  :  John  Bogart. 
Treasurer  :  J.  James  R.  Croes. 
Directors  :  George  S.  Greene. 
WHiLiAM  H.  Paine. 
C.  Vandervoort  Smith. 
Theodore  G.  Ellis. 
Thomas  C.  Clarke. 
The  question  of  time  and  place  for  the  Eleventh  Annual  Convention 
was  then  taken  up.     The  Secretary  presented  a  summary  of  the  answers 
to  the  circular  issued  on  this  subject,  as  follows  : 

61  Members  suggested  St.  Louis. 
44         "  "  Cleveland. 

11  "  "  San  Francisco. 

2         "  "  Baltimore. 

2  "  "  Washington. 

And  each  of  the  following  places  was  suggested  by  one  member  :  Buffiilo, 
Chicago,  Cincinnati,  Montreal,  New  York,  Richmond. 
57  Members  suggested  June. 
30         "  "  May. 

5         "  "  April. 

2         "  "  October. 

And  each  of  the  following  named  months  was  suggested  by  one  member  : 
February,  July,  September. 

The  invitation  presented  at  the  Tenth  Convention,  that  the  Society 
should  hold  the  next  Convention  at  St.  Louis,  was  repeated. 

♦  To  be  hereafter  published. 
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An  invitation  from  members  of  the  Society  at  Cleveland,  tliat  the  So- 
ciety should  hold  its  next  Convention  at  that  city,  was  presented,  &&■ 
were  also  a  letter  of  invitation  from  the  Mayor  of  Cleveland  and  one 
from  the  Board  of  Trade  of  that  city,  tendering  the  use  of  its  rooms  for 
the  meetings  of  the  Convention. 

After  discussion,  it  was 

Resolved,  That  a  letter  ballot  be  taken  upon  the  question  of  the  place 
of  the  Eleventh  Annual  Convention. 

On  motion,  it  was 

Resolved,  That  no  invitations  to  attend  the  Convention  of  the  Society 
be  extended  to  persons  not  members  of  the  Society,  except  through  the 
Board  of  Direction. 

The  resiilt  of  the  canvass  of  the  ballots  for  membership  was  then 
announced,  and  the  following  named  candidates  were  declared  elected 
members  : 

William  L.  Baker,  of  Detroit,  Mich,  (elected  Junior,  January  6th, 
1875);  Frederick  B.  Howard,  of  Detroit,  Mich,  (elected  Junior,  March 
3d,  1875) ;  Wilmon  W.  C.  Sites,  of  Jersey  City,  N.  J. ;  Ehiathan  Sweet, 
Jr.,  of  Albany,  N.  Y. 

A  recess  was  then  (2  p.  m.  )  taken  for  one  hour. 

On  resuming  the  session,  at  3  p.  m.  ,  the  report  *  of  the  Committee  on 
Tests  of  American  Iron  and  Steel,  jiist  received  by  telegraph  from  the 
Chairman,  W.  Sooy  Smith,  was  presented,  read,  and  accepted. 

The  Committee  on  Method  of  Nominating  Officers  presented  a 
report  *  through  J.  J.  K.  Croes,  Chairman,  which  was  read,  and  on  mo- 
tion, accepted. 

The  proposed  codification  of  the  Constitution  and  By-Laws  and  the 
amendments  offered  were  then  considered. 

After  discussion,  it  was,  on  motion, 

Resolved,  That  the  codification  of  the  present  Constitution  and  By- 
Laws  (as  printed,  page  95,  (A.)  be  aijproved  by  this  Annual  Meeting, 
and  recommended  to  the  Society  for  adojition. 

The  proposed  Amendments  to  the  Constitution  were  then  considered 
seriatim,  and  after  discussion  on  each,  the  following  action  was  taken  : 

Amendment  to  Article  V.  (B,  page  105),  recommended  that  it  be  not 
adopted. 

Amendment  to  Ai'ticle  V.  (C,  page  105),  recommended  that  it  be  not 
adopted. 

Amendment  to  Article  V.  (D,  page  105),  recommended  that  it  be  not 
adopted. 

Amendment  to  Article  VI.  (E,  page  105),  recommended  that  it  be  not 
adopted. 

Amendment  to  Article  VI.  (F,  page  106),  recommended  that  it  be  not 
adopted. 

*  To  be  hereafter  published. 
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Amendment  to  Article  VI.  (G,  page  106),  recommended  tliat  it  be  not 
adopted. 

Amendment  to  Article  VII.  (H,  page  106),  recommended  that  it  be  not 
adojited. 

Amendment  to  Article  IX.  (I,  page  106),  recommended  tliat  it  be  not 
adopted. 

Amendment  to  Article  X.  (J,  page  106),  reeommended  that  it  be  not 
adopted. 

Amendment  to  Article  XVII.  (K,  page  106),  recommended  that  it  be 
adopted. 

Amendment  to  Article  XVIII.  (L,  page  107),  recommended  that  it  be 
adopted. 

Amendment  to  Article  XIX.  (M,  page  107),  recommended  that  it  be  not 
adopted. 

Amendment  to  Ai'ticle  XXIII.  (N,  page  108),  recommended  that  it  be 
adopted. 

Amendment  to  Article  XXXII.  (O,  page  108),  recommended  that  it  be 
adopted. 

Amendment— a  new  Article  (P,  page  108),  recommended  that  it  be 
adojjted. 

The  proposed  amendments  to  the  By-Laws  were  then  considered,  and 
.  after  discussion  on  each,  the  following  action  was  taken  : 

Amendment  to  Section  1  (R,  page  108),  recommended  that  it  l^e 
adopted. 

Amendment  to  Section  23  (S,  page  109),  recommended  that  it  be 
adopted. 

Amendment  to  Section  24,  second  clanso  (T,  page  109),  recommended 
that  it  be  not  adopted. 

An  amendment  to  Section  24  of  the  By-Laws,  which  was  embodied 
in  the  report  of  the  Committee  on  the  Method  of  Nominating  Officers, 
was,  on  motion,  referred  back  to  the  committee,  and  the  committee  con- 
,  tinned. 

The  Annual  Meeting  adjourned  at  6:45  p.  m. 


OF  THE  BOARD  OF  DIRECTION. 

August  7th,  1878. — Applications  for  membership  were  considered. 
Appropriations  were  made  and  other  financial  business  transacted. 

Septembek  4th,  1878. — Applications  for  membership  were  considered, 
The  preparation  of  the  Annual  Report  was  directed. 

OcTOBEK  2d,  1878. — Applications  for  membershijj  were  considered. 
Matters  referred  to  the  Board  by  the  Society  were  discussed,  and  the 
preparation  of  a  codification  of  the  present  provisions  of  the  Constitu- 
tion and  By-Laws  was  directed.     The  report  of  the  Committee  on  Nomi- 
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Tiatious  was  received,  aud  it  was  ordered  that  a  letter  ballot  should  be 
prepared  and  issued  in  accordance  with  the  By-Laws.  A  report  as  to 
arrears  of  dues  was  presented  by  the  Secretary,  and  special  letters  were 
directed  to  be  sent  to  members  in  arrears. 

October  31st,  1878. — Applications  for  membership  were  considered, 
appropriations  made  and  financial  business  transacted.  The  Anuual 
Report  was  considered  in  detail.  The  recovery  of  the  railroad  stock 
"belonging  to  the  Society,  but  not  in  its  prossession  for  the  past  ten  years, 
was  reported  by  the  Secretary. 

No"s^!UBEK  5th,  1878. — The  Annual  Report  was  perfected.  Financial 
business  was  transacted. 


CONSTITUTION  AND  BY-LAWS  OF  THE  SOCIETY. 


[A.]  Peoposed  Codification  of  the  present  Constitution  and 

By-Laws. 

(This  codification  does  not  change  the  i3resent  provisions  of  the  Law 
oi  the  Society,  but  is  a  re-arrangement  and  condensation  of  the  original 
provisions  and  adopted  amendments.) 

Note.  Tliis  codification  was  prepared  by  the  Board  of  Direction,  and  loith  a 
repoti*  was  presented  and  seconded  at  the  meeting  of  the  Society,  October  2d,  1878. 

At  the  Annual  Meeting,  November  6th,  1878,  f  this  codification  was  approved  and 
recommended  to  the  Society  for  adoption.  It,  with  the  amendments  printed  below,  will 
he  submitted  to  letter  ballot . 

constitution. 

Article  I. — This  Association  shall  be  called  the  "Asierican  Societt 
OF  CrvHi  Engineers." 

Article  II. — Its  objects  shall  be  :  The  professional  improvement  of  its 
members,  the  encouragement  of  social  intercourse  among  men  of  j)racti- 
cal  science,  the  advancement  of  engineering  in  its  several  branches,  and 
the  establishment  of  a  central  point  of  reference  and  union  for  its  mem- 
bers. 

Article  III. — Among  the  means  to  be  employed  for  attaining  these  ends, 
shall  be  periodical  meetings  for  the  reading  of  professional  papers  and 
the  discussion  of  scientific  subjects  ;  the  foundation  of  a  library,  the  col- 
lection of  maps,  drawings  and  models,  and  the  publication  of  such  parts 
of  the  in'oceedings  as  may  be  deemed  expedient. 

Article  IV. — Civil,  Military,  Geological,  Mining  and  Mechanical  En- 
gineers, Ai'chitects,  and  other  persons  who  by  profession  are  interested 
in  the  advancement  of  science,  shall  be  eligible  for  admission  in  their 
appropriate  class. 


'  See  page  90.    t  See  page  93. 
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Article  V. — The  officers  of  the  Society  shcall  consist  of  a  President^ 
two  Vice-Presidents,  a  Secretary,  Treasurer,  Librarian,  and  five  Directors, 
who  shall  be  elected  by  written  ballot,  by  a  majority  of  votes,  at  the  An- 
nual Meeting  of  the  Society,  and  shall  hold  their  offices  until  others  are 
elected.  Any  vacancy  occasioned  by  resignation  or  otherAvise,  may  be 
filled  at  the  next  monthly  meeting  after  notice  of  said  vacancy. 

Article  VI. — The  President,  Vice-Presidents,  Secretary,  Treasurer  and 
Directors  shall  constitute  a  Board  of  Direction,  and  shall  be  the  Trustees' 
of  this  Society,  under  the  Act  of  the  Legislature  of  April  12th,  1848, 
chapter  319,  Laws  of  the  State  of  New  York. 

Article  VII. — The  Board  of  Direction  shall  meet  within  one  week  after 
their  election,  and  the  first  business  in  order  shall  be  the  ajipointment  of 
a  Standing  Committee  of  three  on  Finance,  and  of  a  Standing  Committee 
of  three  on  Library. 

Article  VIII. — The  President,  and  in  his  absence  the  Vice-Presidents 
in  rotation,  shall  preside  at  all  the  meetings  of  the  Society  ;  and  in  case 
of  their  absence,  a  President  pro  tempore  shall  be  api^ointed. 

Article  IX. — The  Secretary  shall  keep  an  accurate  record  of  all  the 
transactions  of  the  Society  and  of  the  Board  of  Direction,  and  shall  issue 
all  notices. 

Article  X. — The  Treasurer  shall  have  charge  of  the  funds  of  the  So- 
ciety, receive  all  assessments  and  jiay  all  bills  and  orders  a^Dproved  by 
the  President  or  the  Chairman  of  the  Finance  or  Library  Committees. 
The  duties  of  the  Secretary  and  Treasurer  may  be  united  in  the  same 
person,  if  the  Society  think  proper.  Moneys  belonging  to  the  Society, 
paid  to  any  of  its  officers,  shall,  with  a  statement  showing  for  what  the 
payment  was  made,  be  promptly  transmitted  to  the  Treasurer,  who  shall 
receipt  therefor. 

The  Treasurer  shall  deposit  the  moneys  and  invest  the  funds  of  the 
Society,  in  its  name,  by  and  with  the  advice  of  the  Board  of  Direction  y 
he  shall  sign  all  checks. 

No  indebtedness  shall  be  incurred  for  the  Society,  excei)t  under  such 
rules  as  prescribed  by  the  Board  of  Direction. 

No  bill  shall  be  paid  for  the  Society  until  it  has  been  certified  by 
the  person  authorized  to  contract  it,  and  audited  by  the  Committee  on 
Finance. 

Article  XI. — It  shall  be  the  duty  of  the  Librarian  to  take  charge  of 
the  library  of  the  Society,  and  to  see  that  all  books  are  marked  with  the 
name  of  the  Society,  numbered,  and  recorded  in  a  catalogue.  In  resi^eqt 
to  the  management  of  the  library,  he  shall  conform  to  such  regulations 
as  may  be  prescribed  by  the  Society  or  by  the  Board  of  Direction. 

Ai'ticle  XII. — The  duties  of  the  Board  of  Direction  shaU  be  :  to  have  a 
general  care  of  the  aflfairs  of  the  Society  ;  to  apply  the  funds  in  the  treas- 
ury ;  to  recommend  the  amount  of  assessments  and  appropriations  for 
speeific  purposes,  and  to  make  a  report  on  the  affairs  of  the  Society,  em- 
bracing the  report  of  the  Treasurer,  at  the  Annual  Meeting. 
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Article  XIIL- -The  Finance  Committee  shall  have  supervision  of  the 
■accounts  of  the  Society,  shall  examine  all  bills  and  demands,  audit  the 
accounts  of  the  Treasurer,  and  certify  to  his  annual  report. 

Article  XIV. — The  Library  Committee  shall  have  supervision  of  the 
Tooms,  printing  and  library  of  the  Society,  and  shall  apply  to  the  pur- 
chase of  books  or  other  articles  of  permanent  value  to  the  Society,  such 
sums  as  may  be  appropriated. 

Article  XV. — At  any  regular  meeting  of  the  Society,  seven  members 
shall  constitute  a  quorum  for  the  transaction  of  Ijusiuess.  But  the  action 
of  a  less  number  at  any  monthly  meeting,  at  which  a  quorum  is  not 
present,  may  be  entered  on  the  journal,  provided  such  action  does  not 
affect  the  rights  of  the  association,  or  any  members  thereof. 

Article  XVI. — The  active  members  of  the  Society  shall  be  divided  into 
three  classes,  to  be  styled,  respectively.  Members,  Associates  and  Juniors; 
and  each  person,  when  duly  elected  and  qualified,  shall  receive  a  certifi- 
■<;ate  of  membership,  indicative  of  the  peculiar  class  which  he  represents. 
Associates  and  Juniors  shall  jjossess  all  the  rights  and  i^rivileges  of  Mem- 
bers, excepting  the  right  of  voting. 

Article  XVII. — To  be  eligible  as  a  Member,  the  candidate  must  have 
'been  in  the  actual  practice  of  his  profession  for  at  least  seven  years,  and 
have  been  in  charge  of  work  or  of  operations  in  his  particular  branch  of 
engineering  or  of  science.  A  diploma  from  any  collegiate  institution  in 
good  standing,  conferring  the  degree  of  C.  E.,  shall  be  considered  equiv- 
alent to  two  years'  service.  The  candidate  for  Member  must  be  a  Civil, 
Military,  Mining  or  Mechanical  Engineer,  who  has  been  in  active  prac- 
-fcice  as  such  for  seven  years,  or  has  graduated  as  Civil  Engineer  and  been 
in  practice  for  five  years,  and  has  had  responsible  charge  of  work  as 
•Chief,  Eesident  or  Superintending  Engineer  for  at  least  one  year  ;  not 
as  a  skillful  workman  merely,  but  as  one  qualified  to  design  as  well  as 
to  direct  piiblic  work. 

To  be  eligible  as  an  Associate,  the  candidate  must  be  one  whose  con- 
nection with  science  or  the  arts  qualifies  him  to  concur  with  civil  engi- 
neers in  the  advancement  of  jirofessional  knowledge.  An  Associate  shall 
be  a  manager  of  a  railroad,  canal  or  other  public  Avork  ;  a  geologist, 
chemist  or  mathematician  ;  a  proprietor  of  a  mine  or  metallurgical  works  ; 
an  architect  or  a  manufacturer  ;  or  one  who,  from  his  scientific  acquire- 
ments or  practical  experience,  has  attained  eminence  in  his  special  pur- 
suit, qualifying  him  to  jco-operate  with  engineers  in  the  advancement  of 
professional  knowledge  ;  but  shaU  not  himself  be  practicing  as  an  engineer. 

To  be  eligible  as  a  Junior,  the  candidate  must  have  been  in  the  actual 
practice  of  his  profession  for  at  least  two  years,  and  shall  be  one  who  has 
had  actual  practice  in  some  of  the  branches  of  civil,  military,  mining  or 
mechanical  engineering,  for  not  less  than  two  years  ;  or  if  a  graduate  of  a 
.-scientific  or  collegiate  institution — for  not  less  than  one  year. 

Article  XVIII. — All  candidates  for  admission  to  the  Societv  must  file 
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statements  by  themselves,  setting  fortli  the  grounds  of  tlieir  claim  to  be- 
elected  ;  be  proposed  by  at  least  five  members  of  the  Society,  to  whom 
they  must  be  personally  known,  and  a  notification  of  the  same  sent  ta 
each  member  whose  place  of  address  is  on  record.  Each  j^roposition^ 
with  the  names  of  the  proisosers,  must  be  posted  in  some  conspicuous 
place  in  the  rooms  of  the  Society,  for  at  least  twenty-five  days  before 
being  submitted  to  vote.  All  such  papers  and  applications  shall  be  laid 
before  the  Board  of  Direction,  and  be  reiiorted  upon  previotis  to  action 
by  the  Society.  Nominations  and  projjosals  for  admission  to  the  Society 
shall  be  endorsed  by  at  least  five  members,  who  certify  that  they  person- 
ally know  the  nominee  or  candidate,  and  that  he  is  worthy  of  acceptance. 
The  jjroposal  of  Member,  Associate,  or  Junior  shall  contain  a  statement 
over  the  candidate's  signature,  of  his  age,  residence,  the  natui'e  and 
term  of  his  professional  service,  and  that  he  will  conform  to  the  require-' 
ments  of  membership,  if  elected.  Honorary  Membei'S,  Corresponding 
Members,  and  Fellows  shall  not  be  required  to  present  themselves  as 
candidates  ;  those  making  the  nominations  shall  state  the  grounds  there- 
for, and  certify  that  the  nominee  would  accept  if  elected. 

A  proposal  for  transfer  from  one  class  to  a  higher  shall  be  made  by 
at  least  five  Members,  who  state  the  age  of  the  candidate,  and  the  nature 
and  term  of  his  professional  service  since  his  admission  to  the  Society. 
Such  statement  shall  show  a  degree  of  qualification  sufficient  to  render 
the  proposed  eligible  to  election  in  the  class  to  which  the  transfer  i» 
asked.  Upon  approval  of  the  Board  of  Direction,  the  candidate  shall  be 
balloted  for,  as  provided  for  the  election  of  members  ;  and  when  the 
transfer  is  made,  he  shall  not  be  required  to  ^lay  an  additional  entrance 
fee. 

Article  XIX. — In  elections  for  membership  of  either  class,  members 
shall  vote  by  letter,  or  by  ballot  in  the  usual  way,  and  the  result  shall  be 
announced  at  the  next  regular  meeting  held  after  twenty-five  days  have 
elapsed  from  the  time  of  mailing  the  notification.  Five  or  more  ballots 
cast  in  the  negative  shall  exclude.  Members  notified,  but  not  respond- 
ing, shall  be  classed  as  having  voted  in  the  affirmative.  In  case  of  the 
non-election  of  any  jjerson  balloted  for,  no  notice  shall  be  taken  thereof 
in  the  minutes. 

Article  XX. — On  being  thus  elected,  the  candidate  must  subscribe  to 
the  Constitution  and  By-Laws  (in  the  terms  set  forth  in  Form  A  in  the 
Appendix),  and  pay  to  the  Treasurer  of  the  Society  such  siim  as  may  be 
determined  ujion,  under  the  authority  of  Article  XXII.  of  the  Consti- 
tution, as  the  regular  entrance  fee  and  yearly  assessment,  before  he  can. 
be  entitled  to  receive  his  certificate  of  membership.  If  this  be  not  done 
within  six  months  from  notification  of  the  election,  said  election  shall  be 
considered  void. 

Article  XXI. — Persons  thus  elected  and  duly  qualified,  who  reside 
within  fifty  miles  of  the  Post  Office  in  the  City  of  New  York,  shall  be. 


99 

deemed  resident ;  and  those  who  reside  beyond  this  limit  shall  be  deemed 
non-resident.  The  membership  of  any  person  shall  begin  on  the  day 
of  his  election. 

Article  XXII. — The  amount  of  entrance  fee  to  be  paid,  as  well  as  the 
annual  dues  or  assessments  for  the  support  of  the  Society,  shall  be 
determined  from  time  to  time,  at  some  regular  meeting  of  the  Society, 
provided  that  notice  of  intended  action  thereon  shall  have  been  given  at 
a  previous  regular  meeting.  No  alteration  in  the  amount  of  said  fees 
or  assessments  shall  apply  to  the  fiscal  year  during  which  it  is  made, 
but  shall  take  effect  on  and  after  the  first  Wednesday  in  November 
next  succeeding  the  day  of  the  date  of  said  alteration.  Members  who 
become  residents  or  non-residents  by  removal  into  or  beyond  the  limits 
prescribed  in  Article  XXI.  shall  be  subject  to  assessments  in  the  class  in 
which  they  were  on  the  day  of  the  Anniial  Meeting,  as  may  appear  upon 
the  records  of  the  Society  or  by  written  notice  to  the  Secretary. 

Article  XXIII. — Honorary  members,  not  exceeding  forty  in  number, 
having  been  nominated  as  required  in  Article  XVIII.,  may  be  elected  by 
a  unanimous  vote.  An  Honorary  Member  shall  be  one  of  acknowledged 
eminence  in  some  branch  of  engineering,  who  has  had  not  less  than 
thirty  years'  practice. 

Persons  residing  out  of  the  United  States  may  be  elected  Correspond- 
ing Members,  in  the  same  manner  as  hereinbefore  provided  for  the 
choice  of  immediate  members.  A  Corresponding  Member  shall  be  one, 
not  a  resident  of  the  United  States,  eminent  in  a  special  branch  of 
engineering,  or  able  to  supply  valuable  information  relating  thereto,  who 
will  communicate  with  the  Society  at  least  once  a  year.  Corresjionding 
and  Honorary  Members  shall  be  sul)ject  to  no  fees  or  assessments. 
They  may  attend  any  meetings  of  the  Society,  but  shall  not  be  entitled 
to  vote. 

Article  XXIV. — There  shall  be  a  fund,  called  the  "Fellowship  Fund," 
devoted  exclusively  to  the  i^ublieation  of  the  i)apers  read  before  the 
Society.  Any  persons,  whether  members  or  otherwise,  if  acceptable 
to  the  Society,  may  subscrilje  thereto.  The  subscribers  to  this  fund 
shall  be  called  "Fellows  of  the  Society."  A  Fellow  shall  be  an  accept- 
able subscriber,  who  has  signified  to  his  proposers  a  desire  to  be  nomi- 
nated, and  an  intention,  if  elected,  to  become  a  member  of  this  class. 

Persons  who  are  not  member^,  and  who  become  Fellows,  shall  be 
entitled  to  all  the  privileges  of  the  Societv,  excejot  the  right  to  vote. 
Members  who  become  Fellows,  shall,  in  addition  to  all  the  rights  they 
possess  as  members,  be  entitled  to  receive  duplicate  copies  of  ail  the  pub- 
lications of  the  Society. 

Article  XXV. — Whenever  any  person  is  elected,  the  Secretary  shall 
immediately  inform  him  of  the  same  by  letter  (Form  Bin  the  Appendix), 
and  the  election  of  Honorary  Members  shall  be  likewise  communicated 
to  them  by  a  letter  suited  to  each  particular  case  ;  but  no  j)erson  shall  be- 
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^considered  a  Corresponding  or  Honorary  Member  unless  lie  signify  within 
six  months  his  accejDtance  of  membership. 

Article  XXVI. — Every  person  admitted  to  the  Society  shall  be  con- 
sidered as  belonging  thereto  and  liable  to  the  payment  of  all  assessments, 
until  he  shall  have  signified  to  the  Secretary  his  desire  to  withdraw  ; 
when,  if  his  dues  have  been  fully  paid  up,  his  name  shall  be  erased  from 
the  list  of  members.  Members  in  arrears  for  more  than  one  year's  annual 
dues  shall  not  be  allowed  to  vote  until  such  dues  are  paid. 

Article  XXVII. — Any  person  admitted  to  the  Society,  who  shall  re- 
fuse to  pay  any  assessment  or  other  dues  to  the  Society,  or  who  shall 
neglect  the  same  for  the  term  of  six  months?after  due  notice  is  issued 
(in  the  Form  C  in  the  Appendix),  shall  cease  to  be  a  member. 

Article  XXVIII.— V-pon  the  written  request  of  ten  or  more  Members 
that,  for  cause  therein  set  forth,  a  person  belonging  to  the  Society  be 
•expelled,  the  Board  of  Direction  shall  consider  the  matter,  and  if  there 
is  sufficient  reason,  shall  advise  the  accused  that  his  resignation  will  be 
accepted.  He  may,  upon  demand,  receive  a  copy  of  the  charges  against 
him,  and  present  a  written  defense.  Two  months  after  such  advice  was 
given,  the  Board  of  Direction  shall  finally  consider  the  case,  and  if  resig- 
nation has  not  been  tendered,  or  a  satisfactory  defense  made,  will  then 
notify  the  member  that  he  will  be  expelled  in  one  month,  unless  he  elects 
to  appeal  from  this  decision.  Appeals  will  be  submitted  to  the  Society 
by  letter  ballot.  In  case  no  appeal  be  made,  the  Board  of  Direction  will 
expel  the  member,  and  notify  him  and  the  Society  of  the  same,  or  of 
the  action  of  the  Society  on  appeal,  and  the  above  shall,  in  any  event, 
be  the  only  jDublic  announcement  of  the  matter. 

Article  XXIX. — The  permanent  place  for  the  transaction  of  the  Ijusi- 
ness  of  this  Society  shall  be  iu^the  City  of  New  York. 

Article  XXX. — The  Annual  Meeting  for  the  election  of  officers  and 
the  hearing  of  the  annual  reports  shall  be  held  on  the  first  Wednesday 
in  November. 

Article  XXXI. — -The  anniial  contributions  shall  become  due  at  the 
time  of  the  Annual  Meeting,  and  shall  be  payable  in  advance  ;  and  it  shall 
'be  the  duty  of  the  Secretary  to  notify  the  amount  of  assessment  or  sub- 
scription due  at  the  time  of  giving  notice  of  such  meeting. 

Article  XXXII. — Proposed  amendments  to  this  Constitution  shall  be 
£rst  submitted  to  the  Society  and  seconded,  and  then  sent  by  letter  to 
the  several  Members  of  the  Society  at  least  twenty-eight  days  previous 
to  the  Annual  Meeting.  Such  amendments  shall  be  in  order  for  discus- 
sion at  such  Annual  Meeting,  and  shall  be  voted  upon  by  letter  ballot, 
within  sixty  days  after  the  date  of  said  meeting.  The  vote  shall  be 
counted  by  the  President  and  Secretary,  and  if  two- thirds  of  the  votes 
are  in  favor  of  said  amendment,  it  shall  be  declared  adopted,  and  the 
result  announced  at  the  next  regular  meeting  of  the  Society  thereafter. 
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BY-LAWS. 

"Section  1. — Tlie  regular  meetings  of  tlie  Society  shall  be  held  on  the 
first  "Wednesday  in  each  month.  There  shall  be  meetings  of  the  Society 
held  on  the  third  Wednesday  in  each  month  for  professional  improve- 
ment, and  the  encouragement  of  social  intercourse  among  men  of  prac- 
jfcical  science,  at  which  pajsers  shaU.  be  read  and  subjects  discussed  relat- 
ing to  the  theory  and  practice  of  engineering,  and  no  other  business 
transacted.  The  Board  of  Direction  may  suspend  meetings  of  the  Society 
in  the  months  of  July  and  August. 

A  convention  of  the  Society,  for  jsrofessional  discussion  and  social 
intercourse,  shall  be  held  annually  at  such  place  as  the  Society  may  de- 
termine, and  be  presided  over  by  a  Chairman  selected  from  among  mem- 
bers not  officers  of  the  Society.  During  the  Convention  a  regular  meet- 
ing of  the  Society,  to  be  presided  over  by  the  officers  of  the  Society,  may 
be  held  for  the  transaction  of  business. 

The  officers  of  the  Society  may  give  a  reception  at  the  Society's 
rooms,  on  the  evenings  of  the  second  and  fourth  "Wednesdays  of  each 
mouth  between  October  and  April,  for  the  purpose  of  informal  profes- 
sional conversation  and  social  intercourse.  Regulations  concerning 
refreshments  and  the  invitation  of  guests  may  be  made  by  a  committee 
aiDpointed  for  the  purpose,  but  shall  be  without  expense  to  the  Society. 

Sec.  2. — At  the  regular  meetings  of  the  Society,  the  following  order 
shall  be  observed  in  the  transaction  of  business,  unless  set  aside  for  the 
time  being  by  a  vote  of  the  members  jjresent : 

1st.  The  record  of  last  meeting  to  be  read,  approved  and  signed  by 
the  Chairman  and  Secretary. 

2d.  Candidates  for  membership  to  be  balloted  for. 

3d.  Communications  received  since  the  last  regular  meeting  to  be 
annoimced,  and  read  if  required. 

•4th.  Communications  from  members  present  to  be  read. 

5th.  Communications  from  the  Board  of  Direction  to  be  brought  for- 
■ward. 

6th.  Reports  of  committees  to  be  called  for. 

7th.  Unfinished  business  to  be  taken  uj}. 

8th.  New  business  to  be  proposed. 

9th.  Questions  for  debate  to  be  discussed. 

The  same  order  shall  be  observed,  as  far  as  practical)lo,  at  the  meet- 
ings of  the  Board  of  Direction. 

Sec.  3. — All  deci-sions  of  the  Chair,  on  points  of  order,  shall  be  con- 
■clusive,  unless  reversed  on  appeal  to  the  meeting. 

Sec.  4. — Every  motion  shall  be  first  stated  by  the  President,  before 
"debate  or  taking  the  question,  and  evei-y  motion  shall  be  reduced  to 
writing,  if  the  President  or  any  member  desire  it. 

Sec.  5. — "When  a  question  is  under  debate,  no  motion  shall  be  in  order. 
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unless  for  the  previous  question  ;  to  postpone  indefinitely  ;  to  postpone 
to  a  day  certain  ;  to  lay  jon  the  table  ;  to  commit,  to  amend,  or  to  adopt. 

Sec.  6.— A  motion  to  adjourn  should  always  be  in  order,  and  shall  be- 
decided  without  debate. 

Sec.  7. — If  required  by  one-fifth  of  the  whole  number  of  members^ 
present,  the  ayes  and  nays  upon  any  question  shaU  be  called,  and  entered' 
upon  the  journal. 

Sec.  8. — No  motion  for  reconsideration  shall  be  in  order,  unless  one 
of  the  majority  shall  move  such  reconsideration.  A  motion  for  recon- 
sideration, bdng  put  and  lost,  shall  not  be  renewed,  nor  shall  any  subject 
or  vote  be  a  second  time  reconsidered  without  unanimous  consent. 

Sec.  9. — The  Board  of  Direction  may  call  meetings  of  the  Society 
when  they  deem  it  expedient,  and  shall  be  bound  to  do  so  at  the  written 
request  of  seven  members,  stating  the  purpose  of  such  meeting.  Ten 
days  notice  shall  be  given  to  members  of  any  special  meeting  ;  the  j^ur- 
pose  thereof  shall  be  stated  in  the  notice,  and  no  other  business  shall  be 
taken  up  at  that  meeting. 

Sec.  10. —The  rooms  of  the  Society  shall  be  open  from  9  a.  m.  to  4 
p.  M.,  every  business  day,  unless  otherwise  determined  by  the  Board  of 
'  Direction. 

Sec.  11.^ — Every  member  shall  have  the  privilege  of  introducing 
visitors  to  the  room  while  the  Society  is  not  in  session,  by  writing  their 
names  and  his  own,  in  a  book  provided  for  that  purpose. 

Sec.  12. — A  record  of  all  donations  to  the  Society,  whether  in  money, 
books,  maps,  models  or  other  articles  of  value,  with  the  name  of  the 
donors,  sliall  be  entered  by  the  Secretary  in  a  book  provided  for  that 
purjiose,  to  be  kept  at  the  rooms  of  the  Society. 

Sec.  13.  — The  books,  maps,  and  other  property  of  the  Society,  shall 
only  be  removed  from  the  rooms  under  such  rules  and  regulations  as 
shall  be  prescribed  by  the  Committee  on  Library,  and  approved  by  the 
Board  of  Direction. 

Sec.  14. — A  book  shall  be  kept  by  the  Librarian,  in  which  members 
may  enter  the  title  of  any  book,  map  or  i^lan,  which  they  may  wish  to- 
have  added  to  the  library. 

Sec.  15. — Tlie  records  of  the  Society  shall  at  all  times  be  ojjen  to  mem- 
bers, and  such  books  of  accounts  shall  be  kej^t  in  its  rooms  as  the  Board 
of  Direction  may  designate. 

Sec.  16. — W^hen  a  paper  is  presented  to  the  Society,  the  Secretary 
shall  at  once  examine  it,  and  report  thereon  to  the  Committee  on  Library, 
with  reference  to  this  standard  ;  papers  containing  old  matter,  readily 
found  elsewhere,  those  specially  meant  to  advocate  personal  interests, 
those  carelessly  prepared  or  controverting  established  facts,  and  those- 
purely  speculative  or  foreign  to  the  purposes  of  the  Society,  should  be- 
rejected.  The  committee  shall  then  determine  whether  such  paper  may 
go  before  the  Society.     They  can  return  it  to  the  writer  for  correction) 
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and  emendation,  and  call  to  their  aid  one  or  more  members  of  special 
experience  relating  to  tlie  subject  treated,  either  to  advise  on  the  paper 
or  to  discuss  it.  Such  papers  as  in  the  judgment  of  the  committee 
should  go  before  the  Society  shall  promptly,  upon  their  acceptance,  be 
printed  ;  others  shall  be  recorded  in  books  provided  for  the  purpose. 
When,  however,  the  Library  Committee  does  not  feel  authorized  to  pub- 
lish a  paper,  they  may  provide  an  abstract  thereof,  which,  when  approved 
by  the  author,  may  be  published  instead  of  the  original  paper. 

Sec.  17. — The  annual  report  of  the  Treasurer  shall  be  certified  to  by 
at  least  two  members  of  the  Committee  on  Finance. 

Sec.  18. — The  Board  of  Direction  shall  determine  the  order  of  its 
stated  and  special  meetings  ;  provide  for  an  executive  committee  to  act 
in  the  absence  of  a  quorum,  or  during  the  intervals  between  the  meet- 
ings ;  prescribe  regulations  for  balloting,  and  generally  conduct  the 
business  affairs  of  the  Society.  The  record  of  the  proceedings  of  the 
i3oard  of  Direction  made  since  the  last  regiilar  meeting  of  the  Society 
shall  be  read  at  each  regular  meeting. 

Sec.  19. — A  nomination  or  i^roposal  shall  be  presented  at  the  next 
regular  meeting  of  the  Board  of  Direction  following  its  receipt ;  when  it 
is  thereby  approved,  and  the  applicant  (if  for  admission  as  Member, 
Associate  or  Junior)  classed  with  his  consent,  a  day  shall  be  fixed  for  the 
ballot  to  be  canvassed,  w' hich  shall  be  at  a  regular  meeting  of  the  Society, 
not  less  than  twenty-five  days  thereafter. 

Sec.  20. —When  such  day  is  fixed,  the  Secretary  shall  conspicuously 
post  in  the  room  of  the  Society  the  name  and  class  of  the  nominee  or 
api^licant,  his  residence,  occupation,  and  the  names  of  his  proposers  ;  he 
shall  mail  to  each  member  whose  ad<lress  is  known  a  notice  of  the  same, 
with  a  letter  ballot  in  such  form  as  shall  be  prescribed  by  the  Board  of 
Direction,  and  request  the  recipient  to  vote  thereby  or  in  person  in  the 
usual  manner  on  the  day  fixed,  when  an  open  canvass  of  the  votes  cast 
shall  be  made,  and  the  result  announced. 

Sec.  21. — The  projDosers  of  any  rejected  candidate  may,  within  three 
months  after  such  rejection,  lay  before  the  Board  of  Direction  written 
evidence  that  an  error  was  then  made,  ai^d  ask  for  a  reconsidei'ation  of 
the  proposal,  which  shall  be  granted  on  sufficient  grounds,  and  if  a 
ballot  has  been  taken,  another  shall  be  ordered. 

Sec.  22. — Persons  who  shall  be  elected  members  of  this  Society  after 
six  months  of  any  fiscal  year  shall  have  expired,  shall  pay  only  one-half 
of  the  amount  of  dues  for  that  fiscal  year,  otherwise  required. 

Sec.  23. — Special  committees  to  report  upon  engineering  subjects  shall 
be  authorized  only  by  a  majority  of  the  votes  cast  by  the  Society,  and  in 
the  following  manner  :  Any  resolution  proposing  such  a  committee  shall 
be  referred  to  the  Board  of  Direction,  which  shall  examine  the  same  and 
report  to  the  Society  a  concise  statement  of  the  argument  for  and  against 
the  apjjointment  of  siich  committee,  which  statement  shall  be  jn'inted 
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•and  issued  to  the  Society  with  letter  ballot  ;  or,  if  the  Board  fails  to 
report  -withiu  one  month,  the  letter  ballot  shall  be  issued  without  com- 
ment ;  or,  the  Society  may  vote  by  ballot  at  the  Annual  Meeting  or  in 
Annual  Convention  upon  such  resolution,  within  one  month  after  it  has 
been  submitted  to  the  Board  of  Direction. 

Sec.  24. — 1st.  Votes  for  officers  of  the  Society  at  the  annual  meeting 
in  November  may  be  sent  by  mail,  inclosed  in  two  sealed  envelopes,  the 
outer  one  of  which  shall  be  indorsed  with  the  voter's  signature,  and  all 
4such  votes  shall  be  counted  on  the  first  ballot  for  officers. 

2d.  If  it  should  appear  that  for  any  office  a  majority  of  the  votes  cast 
were  not  for  one  person,  the  meeting  shall  jjroceed  to  vote  by  ballot  in 
-the  usual  way  for  such  officer,  the  choice  of  candidates  being  limited  to 
.the  two  i3ersons  not  elected  for  whom  the  greatest  number  of  votes  had 
been  previously  cast  for  such  office.  In  case  three  or  more  names  have 
received  an  equal  number  of  votes,  the  choice  shall  be  made  from  among 
those  names. 

3d.  At  the  Annual  Convention  a  Nominating  Committee  of  five  mem- 
bers, not  officers  of  the  Society,  shall  be  appointed  by  the  Convention. 
This  committee  shall  present  to  the  Board  of  Direction,  on  or  before  the 
first  day  of  October  ensuing,  the  names  of  the  persons  selected  by  them 
.as  candidates  for  officers.  Of  these  at  least  one  Vice-President,  three 
Directors,  the  Secretary  and  the  Treasurer  shall  be  resident  members. 

4:th.  The  Board  of  Direction  shall  thereupon  cause  such  list  to  be 
posted  in  the  rooms  of  the  Society,  and  shall  issue,  at  least  twenty  days 
before  the  Annual  Meeting,  a  letter  ballot  containing  the  names  thus 
proiKJsed. 

5th.  Any  five  members,  not  officers  of  the  Society,  may  present  to 
the  Board  of  Direction,  on  or  before  October  1st.  a  list  of  names  pro- 
posed by  them  for  officers,  Avhich  list  or  lists  shall  also  be  issued  for 
ballot. 

6th.  No  member  of  any  Nominating  Committee  shall  be  presented  by 
such  committee  as  a  candidate  for  office. 

Sec.  25. — The  President  of  the  Society  shall  have  the  general  super- 
vision of  the  business  and  correspondence  of  the  Society  ;  he  shall  be  an 
Honorary  Member  of  all  committees,  but  shall  have  no  vote  on  such 
•committees.  In  all  cases  where  the  By-Laws  or  resolutions  of  the 
Society  or  of  the  Board  of  Direction  require  specific  duties  to  be  per- 
formed by  the  President,  the  senior  re.sident  Vice-President  i:)resent 
shall  ijerform  such  duties  in  absence  of  the  President,  on  receiving 
notice  from  the  President  to  perform  such  duties. 

Sec.  2G.  —  Additions  and  amendments  to  these  By-Laws  shall  be  pro- 
posed in  writing  and  seconded  at  a  regular  meeting,  and  then  submitted 
to  vote  of  the  members  by  letter  ballot.  The  vote  shall  be  canvassed  at 
the  second  regular  meeting  thereafter,  and  two-thirds  of  all  the  votes  cast 
shall  be  necessary  for  the  adoption  of  any  such  addition  or  amendment. 
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Amendments  Pkoposed  to  the  Constitution. 

[The  following  amendments  have  been  regularly  ofifered  and  seconded- 
Tliey  "were  discussed  at  the  annual  meeting,  November  6th,  1878,  and. 
action  upon  them  taken  as  stated.  They  will  be  submitted  to  letter 
ballot.] 

[B.]  Amendments  proposed  to  Article  V. 

At  the  Annual  MeeAlng  it  loas  recommended  that  this  he  not  adopted. 

Article  V. — The  officers  of  the  Society  shall  consist  of  a  President, 
three  Vice-Presidents,  five  Directors,  a  Secretary,  a  Treasurer  and  a 
Librarian,  all  of  whom,  except  the  Librarian,  shall  be  members  of  at  least 
five  years  standing. 

The  President,  Vice-Presidents,  and  Directors  shall  constitute  a 
Board  of  Direction,  and  shall  be  the  Trustees  of  the  Society  under  the 
23rovisions  of  chapter  319  of  the  Laws  of  the  State  of  New  York,  passed 
April  12th,  1848. 

[C.J  Amendment  proposed  to  Article  V. 

At  the  Annual  Meeting  it  was  recommended  that  this  he  not  adopted. 

Article  V. — The  officers  of  the  Society  shall  be  a  President,  three 
Vice-Presidents,  five  Directors,  a  Secretary,  a  Treasurer,  and  a  Libra- 
rian. The  President,  Vice-Presidents  and  Directors  shall  be  members 
of  at  least  five  years  standing,  and  shall  constitute  a  Board  of  Direction 
and  be  the  Trustees  of  the  Society,  under  the  provisions  of  chapter  319 
of  the  Laws  of  the  State  of  New  York,  passed  Ajiril  12th,  1848. 

[D.]  Amendment  projiosed  to  Article  V. 

At  the  Annual  Meeting  it  was  recommended  that  this  he  not  adopted . 

To  amend  Article  V,  so  far  as  relates  to  the  election  of  a  Secretary,  as 
follows  : 

Hereafter  the  Secretary  shall  be  appointed  by  the  Board  of  Direction, 
and  hold  his  office  during  its  pleasure.  This  amendment  shall  take  effect 
on  its  passage  and  its  provisions  shall  apply  to  the  Secretary  elected  in 
November  next. 

[^.]  Amendment  proposed  to  Article  "VTl. 

At  the  Annual  Meeting  it  was  recommended  that  tltis  he  not  adopted. 

Article  VI. — The  members  of  the  Board  of  Direction  shall  be  elected 
by  the  Society  by  written  ballot  at  the  Annual  Meeting  of  the  Society, 
and  shall  hold  their  offices  until  others  are  elected. 

Their  term  of  office  shall  begin  on  the  first  of  January  succeeding 
the  Annual  Meeting,  and  shall  continue  one  year,  or  until  their  successors 
are  elected. 

Any  vacancies  occurring  during  the  year  shall  be  filled  by  the  Board 
of  Direction. 

The  Secretary  and  Librarian  and  Treastirer  shall  be  appointed  by  the 
vote  of  not  less  than  six  members  of  the  Board  of  Direction  and  shall 

*  See  page  93. 


106 

hold  oflSce  until  removed  by  resignation  or  by  a  vote  of  not  less  tlian  sis 
members  of  the  Board, 

The  duties  of  the  Secretaiy  and  Librarian  may  be  united  in  the  same 
pei'son  if  the  Board  so  direct. 

[F.]  Amendment  proposed  to  Article  VI. 

At  the  Annual  Meeting  it  was  recommended  that  this  he  not  adopted . 

Strike  out  the  words,  "The  duties  of  Secretary  and  Librarian  may 
be  united  in  the  same  person  if  the  Board  so  direct,"  and  substitute  for 
them  the  words,  ' '  The  oflBce  of  Librarian  may  be  filled  by  an  Associate 
or  Junior,  or  its  duties  may  be  united  in  the  same  person  with  those  of 
the  Secretary." 

[6r.]  Amendment  proj^osed  to  Article  VI. 
At  the  Annual  Meeting  it  was  recommended  that  this  he  not  adopted. 

Strike  out  the  same  words  as  above,  and  substitute  for  them  the  words, 
* '  The  offices  of  Secretary  and  Librarian  may  be  filled  by  an  Associate  or 
Junior,  and  the  duties  may  be  performed  by  one  and  the  same  person." 

[H.]  Amendment  proposed  to  Article  VII. 
At  the  Annual  Meeting  it  teas  recommended  that  this  he  not  adopted. 

Article  VII. — During  the  interval  between  the  Annual  Meeting  and 
the  first  of  January  next  ensuing,  the  President-elect  shall  appoint  a 
Standing  Committee  of  three  on  Finance,  and  of  three  on  Library,  from 
members  of  the  Board  for  the  ensuing  year. 

[/.]  Amendment  j)ro230sed  to  Article  IX. 

At  the  Annual  Meeting  it  icas  recommended  that  this  he  not  adopAed. 

Ai'ticle  IX. — The  Secretary  shall  superintend  the  house  of  the  Society, 
conduct  the  correspondence,  edit  the  iDublications,  issue  all  orders  for 
supplies,  and  keep  the  books  of  account  and  records,  all  under  the  in- 
structions of  the  Board  of  Direction  and  the  Standing  Committees.  He 
shall  receive  such  compensation  for  his  services  and  such  allowance  for 
clerical  aid  as  the  Board  of  Direction  may  from  time  to  time  determine. 

[/.]  Amendment  proiDosed  to  Article  X. 

At  the  Annual  Meeting  it  was  recommended  that  this  he  not  adopted. 

Aritcle  X. — The  Treasurer  shall  have  charge  of  the  funds  of  the 
Society,  receive  all  moneys  and  pay  all  bills  which  have  been  certified  by 
the  Secretary  and  approved  by  the  Finance  Committee.  He  shaU  give 
bonds  in  the  sum  of  five  thousand  dollars,  for  the  faithful  performance 
of  his  duties,  which  bonds  shall  be  approved  by  the  Board  of  Direction. 
He  shall  deposit  the  moneys  and  invest  the  funds  of  the  Society  in  its 
name  and  by  and  with  the  advice  of  the  Board  of  Direction.  All  dis- 
bursements shall  be  made  by  checks  signed  by  him. 

[7u]  Amendment  proposed  to  Article  XVII. 

At  the  Annual  Meeting  it  uxis  recommended  that  this  he  adopted. 

Article  XVIL — A  Member  shall  be  a  Civil,  Military,  Mining  or 
Mechanical  Engineer,  who  has  been  in  active  practice  as  such  for  seven 
years,  or  has  graduated  as  Civil  Engineer  and  been  in  practice  for  five 
years,  and  has  had  responsible  charge  of  work  as  Chief,  Resident  or 
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Superiutendiug  Engineer  for  at  least  one  year  ;  not  as  a  skillful  workman 
merely  but  as  one  qualified  to  design  as  well  as  to  direct  public  work. 

An  Associate  shall  be  a  manager  of  a  railroad,  canal  or  other  public 
work  ;  a  geologist,  chemist  or  mathematician  ;  a  proprietor  or  manager 
of  a  mine  or  metallurgical  works  ;  an  architect  or  a  manufacturer,  or  one 
who,  from  his  scientific  acquirements  or  practical  experience,  has  attained 
eminence  in  his  special  jiursuit,  qualifying  him  to  co-operate  with  engi- 
neers in  the  advancement  of  professional  knowledge  ;  but  shall  not  him- 
self be  practicing  as  an  engineer. 

A  Junior  shall  be  one  who  has  had  actual  practice  in  some  of  the 
"branches  of  civil,  military,  mining  or  mechanical  engineering,  for  not  less 
than  two  years  ;  or  if  a  graduate  of  a  scientific  or  collegiate  institution — 
for  not  less  than  one  year. 

A  person  to  be  eligible  to  any  class  of  membership  must  not  be  less 
than  twenty-one  years  of  age. 

;[L.]  Amendment  proposed  to  Article  XVIII. 

-4^  the  Annical  Meeiing  it  ivas  recommended  that  this  he  adopted  : 
Article  XVIII.  —Nominations  and  proposals  for  admission  to  the 
Society  shall  be  indorsed  by  at  least  five  Members,  who  certify  that  they 
personally  know  the  nominee  or  candidate,  and  that  he  is  worthy  of  ac- 
ceptance. The  i^roposal  of  Member,  Associate  or  Junior  shall  contain 
a  statement,  over  the  candidate's  signature,  of  his  age,  residence,  the 
nature  and  term  of  his  professional  service,  and  that  he  will  conform  to 
the  requirements  of  membership,  if  elected.  Fellows  shall  not  be  re- 
quired to  present  themselves  as  candidates  ;  those  making  the  nomination 
shall  state  the  ground  therefor,  and  certify  that  the  nominee  Avill  accept 
if  elected. 

A  proposal  for  transfer  from  one  class  to  a  higher  shall  be  made  by  at 
least  five  Members,  and  shall  state  the  age  of  the  candidate,  and  the 
nature  and  term  of  his  professional  service  since  his  admission  to  the 
Society.  Such  statement  shaU  show  a  degree  of  qiiahfication  sufficient  to 
render  the  proi^osed  eligible  to  election  in  the  class  lo  which  trans- 
fer is  asked.  Upon  the  aj^^aroval  of  the  Board  of  Direction,  the  candidate 
shall  be  balloted  for,  as  provided  in  the  election  of  members  ;  and  when 
the  transfer  is  made,  he  shall  be  required  to  pay  as  an  additional  entrance 
fee  the  amount  of  the  difference  between  the  entrance  fees  of  the  two 
classes. 
[M.]  Amendment  proj)Osed  to  Article  XIX. 

At  the  Annual  Meeting  it  was  recommended  that  this  he  not  adopted: 
Article  XIX. — Elections  for  active  members  shall  be  by  letter  ballot, 
and  the  result  shall  be  announced  at  the  next  regular  meeting  held  after 
twenty-five  days  have  elapsed  from  the  time  of  mailing  the  notification. 
Five  or  more  ballots  cast  in  the  negative  shall  exclude. 

In  case  of  the  non-election  of  any  jaerson  balloted  for,  no  publication 
thereof  shall  be  made. 
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[N.]  Amendment  i^roposed  to  Article  XXIII, 

At  (he  Annual  Meeting  it  iras  recommended  that  this  he  adopted:' 
Article  XXIII. — Honorary  Members,  not  exceeding  twenty  in  number 
in  all,  may  be  appointed  by  a  unanimous  vote  of  the  Board  of  Direction 
and  the  Past  Presidents  of  the  Society.  A  person  to  be  eligible  as  an 
Honorary  Member  shall  be  a  gentleman  of  acknowledged  eminence  in 
some  branch  of  engineering.  Honorary  Members  shall  be  subject  to  no 
fees  or  assessments  and  shall  not  be  entitled  to  vote. 
[O.]  Amendment  proposed  to  Article  XXXII. 

At  the  Annual  Meeting  it  icas  recommended  that  this  he  adopted: 
Article  XXXII. — Proposed  amendments  to  this  Constitution  must  be 
submitted  in  writing,  signed  by  not  less  than  five  Members  on  or  before^ 
the  first  Wednesday  in  October,  and  then  sent  by  letter  to  the  several! 
Members  of  the  Society,  at  least  twenty -five  days  x>revious  to  the  Annual 
Meeting.  Such  amendments  shall  be  in  order  for  discussion  at  suchi" 
Annual  Meeting  and  shall  be  voted  upon  by  letter  ballot,  the  vote  to  be 
counted  at  the  first  regular  meeting  in  February.  An  affirmative  vote  of 
two-thirds  of  all  ballots  cast  shall  be  necessary  to  secure  the  adoi^tion  of 
any  amendment. 

[P.]  Amendment  proposed  ;  a  new  article. 

At  the  Annual  Meeting  it  was  recommended  that  this  he  adopted : 
Article — (A  new  Article). — The  Board  of  Direction  may,  for  sufiicient 
cause,  excuse  from  payment  of  annual  dues  any  member  distinguished  in 
his  professional  career,  and  who  from  ill-health,  advanced  age,  or  other 
good  reason  assigned,  is  unable  to  pay  such  dues  ;  and  the  Board  may 
remit  the  whole  or  jjart  of  assessments  in  arrears,  or  accept  in  lieu 
thereof,  desirable  additions  to  the  Librarv  and  Museixm. 


Amendments  Peoposed  to  the  By-Laws. 
[R.]  Amendment  to  Section  1. 

At  the  Annual  Meeting  it  teas  recommended  thai  this  he  adopted : 

Section  1. — The  regular  meetings  of  the  Society  shall  be  held  on  the 
first  Wednesday  in  each  month.  There  shall  be  meetings  of  the  Society 
held  on  the  third  Wednesday  in  each  month,  for  j^rofessional  improve- 
ment, and  the  encoixragement  of  social  intercourse  among  men  of  practi- 
cal science,  at  which  papers  shall  be  read  and  subjects  discussed  relating 
to  the  theory  and  practice  of  engineering,  and  no  other  business  trans- 
acted. The  Board  of  Direction  may  suspend  meetings  of  the  Society  in 
the  months  of  July  and  Augaist. 

A  Convention  of  the  Society  for  professional  discussion  and  social  in- 
tercourse shall  be  held  annually  at  such  place  as  the  Society  may  deter- 
mine, and  be  presided  over  by  a  Chairman  selected  from  among  members 
tiot  officers  of  the  Society.  During  the  Convention,  a  regular  meeting 
of  the  Society,  to  be  presided  over  by  the  officers  of  the  Society,  may 
be  held  for  the  transaction  of  business. 

On  the  evening  of  the  first  day  of  the  Convention,  there  shall  be  held 
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a  meeting  to  wliicli  the  public  may  be  invited,  and  at  wliich  tlie  President 
of  tlie  Society  sliall  deliver  an  address  giving  a  summary  of  engineering 
]3rogress  during  the  preceeding  year. 
[S.  I  Amendment  to  Section  23. 

At  the  Annual  Meetinrj  it  was  recommended  thd  this  he  adopted  : 

Section  23. — Special  committees  to  report  upon  engineering  subjects 
shall  be  authorized  only  by  a  majority  of  the  votes  cast  by  the  Society, 
and  in  tlie  following  manner  :  Any  resolution  proposing  such  a  commit- 
tee shall  be  referred  to  the  Board  of  Direction,  which  shall  examine  the 
same  and  report  to  the  Society  a  concise  statement  of  the  argument  for 
and  against  the  appointment  of  such  committee,  which  statement  shall 
be  printed  and  issued  to  the  Society  with  letter  ballot ;  or,  if  the  Board 
fails  to  report  within  one  month,  the  letter  ballot  shall  be  issued  without 
comment. 

[T.]  Amendment  to  section  2i,  second  clause. 
■  Aithe  Annual  Meeting  it  was  recommended  that  this  be  not  adopted: 

2d.  The  person  having  the  greatest  number  of  votes  for  the  respect- 
ive offices  shall  be  declared  elected.  In  case  of  a  tie  the  decision  shall  be 
by  ballot  of  the  members  present. 


Resolution  Submitted  to  Letter  B.vllot. 

The  following  resolution  was  presented  at  the  meeting  of  the  Society, 
held  August  7th,  1878,  and  in  accordance  with  the  By-Laws  was  referred 
to  the  Board  of  Direction. 

■  It  was  then  submitted  to  letter  ballot  with  the  arguments  for  and 
against,  as  printed  below,  and  the  ballot  being  canvassed  October  2d, 
1878,  the  resol  ;tion  was  lost. 

Resolved,  That  a  committee  of  five  be  appointed  by  the  President  to 
investigate  and  report  upon  the  conditions  calculated  for  maximum 
economy  in  the  use  of  steam  in  steam  engines. 

ARGUMENT  FOR.  ARGUMENT  AGAINST. 

The  causes  which  prevent  the  full  utiliza-  The   determiuation   of    the    relative   effect 

tion  iu  au  eugiue,  ot  the  steam  geuerated  by  produced  by  each  of  a  multiplicity  of  causes 

the  fuel  are  various     The  proportioual  etJ'ei-t  workiug  tusiether  caunot    be    reasoned    out 

of  each  of  such  causes  and  the  best  means  on  general  principles,  but  can  only  be  made 

of  reducing   such    effect,   are  questions    on  by  several  series  of   analytical  experiments, 

which    great    diversity    of    opinion    exists.  in   each  of  which  care  is  taken  to  have  one 

These   questions  can  best  be   solved  by   an  element   variable   while   the   others    remain 

analysis  of  the  record  of  work  done  by  ex-  constant. 

isting  machines  when  working  under  various  A  committee  of  the  kind  proposed  could 

conditions.     Such   au   analysis   can  best  be  not  undertake  such  experiments,  which  would 

made  by  a  committee    of   experts   working  necessarily  be  expensive. 

under  the  auspices  of  the   Society.     A  com-  Published  reports   of    the  performance  of 

niittce   of  this   kind  can   obtain  facts  which  different  types  of  engines  ai'e  so  notoriously 

could  not  be  procured  by  individuals  working  inexact  and  incomplete  as   to   preclude  the 

separately,  and  can  discuss  and  analyze  the  possibility    of    the    deductions    drawn   from 

data    collected    in    a    manner    not    possible  them  being  useful-for  a  close  analysis.     The 

by  iudeijendent  observers.     The  aim  of  the  comraittec   would   be    obliged,   hottever,    to 

resolution  is  the  collection,  in   useful  form,  base    their  conclusions  on  incomplete  data, 

of  information  of  value  to  all  who  are  inter-  or    else     supplement    them     by   theoretical 

ested  in  steam  engine  economy,  aud  is  there-  reasoning.    The   rep'-rt   of    a   comnuttee   of 

fore   in    furtherance   of   the   objects   of  the  tViis  Society  should  be  bathed  on  incontroverti- 

Society.  ble  facts,  and  not  be  open  to  the  criticism 

that  where  facts  failed    unsupported  theory 
was  called  iu  to  their  aid. 

For  these  reasons  the  appointment  of  the 
committee  at  this  tiiue  seems  uuadvisable. 
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MEMOIRS  OF  DECEASED  MEMBERS. 


HENRY  TYSON,*  Member  A.  S.  C.  E. 

Died  Septembee  1st,  1877. 

Henry  Tyson  was  the  son  of  Nathan  and  Martha  Ellicott  Tyson,  and 
was 'born  in  the  City  of  Baltimore  on  the  17th  of  October,  1820,  and 
died  in  Baltimore  on  the  1st  of  Sejjtember,  1877.  He  was  descended 
from  ancestoi's  on  both  sides  who  were  distinguished  for  vigorous  in- 
tellects, antl  for  their  active  exertions  in  favor  of  i^hilanthropic  measures, 
and  who  had  been  connected  for  several  generations  with  the  business 
and  prosperity  of  the  City  of  Baltimore. 

He  received  his  education  j^arcly  at  the  collegiate  department  of  the 
University  of  Maryland,  in  Baltimore,  and  afterward  his  studies  were 
completed  under  the  tuition  of  Samuel  Smith,  in  Wilmington,  Del. 

In  1814  he  was  threatened  with  pulmonary  disease,  and  for  that 
reason  spent  the  winter  in  traveling  through  the  West  Indies,  and  while 
tliere  was  attacked  by  the  yellow  fever.  After  his  recovery,  all  traces  of 
his  former  disease  of  the  lungs  entirely  disappeared.  In  1845  he  made  a 
voyage  to  Kio  de  Janeiro,  and  in  1846  another  to  the  West  Indies.  During 
this  last  voyage  his  vessel  was  wrecked  in  mid-ocean,  and  the  captain 
entirely  disabled  by  a  blow  from  a  falling  sjiar.  The  crew  of  the  vessel 
became  disorganized,  and  the  vessel  and  all  on  board  were  in  great 
danger  of  being  lost,  and  probably  would  have  been,  had  it  not  been  for 
the  presence  of  mind  and  ability  of  Mr.  Tyson,  Avho,  with  almost  no  one 
to  help  him,  short  of  provisions,  and  Avithout  light  at  night,  navigated 
the  dismantled  vessel  into  the  harbor  of  St.  Thomas,  thus  saving  the 
cargo  and  the  lives  of  all  on  board. 

In  1847  he  engaged  in  the  flouring  mill  business  in  Baltimore,  but 
his  health  again  failing,  he  left  the  city,  and  resided  for  several  years  in 
the  country,  near  Baltimore.  In  1853  he  was  elected  President  of  the 
Manteo  &  Perseverance  Mining  Company  of  North  Carolina,  and  was 
actively  engaged  in  engineering  works  in  connection  with  the  improve- 
ment of  the  mining  properties,  until  he  resigned  the  presidency.  In 
1856  he  was  appointed  Master  of  Machinery  of  the  Baltimore  &  Ohio 
Railroad.  He  occui^ied  that  position  for  about  five  years,  and  then, 
owing  to  some  disagreement  with  the  President  of  that  company,  his 
connection  with  the  road  was  severed.     During  his  administration,  the 

*  Committee  to  prepare  memoir,  M.  N.  Forney,  'Wiliarn  K.  Hutton,  and  John  Bogart, 
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Board  of  Directors  instructed  him  to  prepare  plans  and  specifications 
for  freight  engines  for  their  road.  Those  used  theretofore  for  the  freight 
traffic  had  been  chiefly  eight-wheeled  connected  engines  built  by  Winans 
and  known  as  "Camel"  engines.  Mr.  Tyson  reported  that  these 
engines  were  very  injiu-ious  to  the  track,  and  were  very  badly  con- 
structed, and  recommended  the  use  of  ten-wheeled  engines,  that  is, 
engines  with  six  connected  driving-wheels  and  a  four-wheeled  leading 
truck.  Winans,  instead  of  conforming  to  the  ideas  of  Mr.  Tyson  and 
building  ten-wheeled  engines,  undertook  to  show,  in  a  series  of  letters 
published  in  the  daily  papers,  that  he  (Tyson)  was  wi-ong.  Public 
interest  ^became  very  much  excited,  and  the  Board  of  Directors  finally 
called  upon  Mr.  Tyson  for  further  information.  He  therefore  addi-essed 
a  note  of  inquiry  to  the  subordinate  officers  in  his  dejjartment  on  the  line 
of  the  road,  asking  for  their  opinion  of  the  relative  merits  of  the  Camel 
and  ten-wheeled  engines.  The  replies  unanimously  condemned  the 
Camel  engine.  These  were  then  published  in  a  ijamphlet,  a^f^l  dis- 
tributed through  the  length  and  breath  of  the  land,  and  had  the  eflect  of 
entirely  breaking  up  Mr.  Winans'  business,  so  that  he  ultimately  sold 
off  all  his  machinery  and  puUed  down  his  shops. 

The  final  solution,  which  time  has  worked,  of  the  question  which  was 
then  so  warmly  discussed,  is  that  locomotives  with  eight  wheels  con- 
nected and  without  trucks  are  now  not  used  in  this  country,  but  instead 
the  Consolidation  pattern  is  employed,  with  eight  wheels  connected,  but 
with  a  truck  having  a  single  pair  of  wheels  in  front. 

The  system  of  sewerage  adopted  in  1860  for  the  City  of  Baltimore  was 
devised  by  Mr,  Tyson,  but  is  still  uncompleted.  In  1861  he  was  elected 
President  of  the  Baltimore  City  Passenger  Eailroad,  which  position  he 
held  for  thirteen  years.  The  i)lau  for  the  improvement  of  Jones  Fails 
(which,  it  may  not  be  known,  is  a  stream  of  water  which  flows  througji 
the  centre  of  Baltimore  in  a  very  contracted  channel,  and  is  therefore 
subject  to  frequent  overflow)  which  was  adopted  by  the  Mayor  and  City 
Council  of  Baltimore,  was  also  the  work  of  Mr.  Tyson.  He  was  ajipointed 
one  of  three  commissioners  to  carry  it  out,  but  owing  to  a  disagreement 
among  them  this  was  never  done,  and  the  plan  was  finally  abandoned  on 
account  of  its  supposed  excessive  cost.  In  having  his  plan  adojjted  and 
carried  out,  he  was  again  opposed  by  Mr.  Winans,  who  attempted  in 
every  way  to  show  that  the  plan  was  inadequate  or  defective. 

Mr.  Tyson's  plan  for  the  introduction  of  the  temj^orary  water  supply 
in  Baltimore  was  the  one  finally  adopted  in  1872  by  the  City  Council,  at 
a  saving  of  $200,000  over  the  plan  previously  agreed  upon. 

In  1873  he  was  elected  Fourth  Vice-President  of  the  Erie  Railway 
Company,  with  the  duties  of  Superintendent  of  Machinery.  He  held 
this  position  only  for  a  short  time  and  then  returned  to  Baltimore,  where 
he  was  engaged  in  various  matters  pertaining  to  engineering.  In  1875 
he  was  appointed  Receiver  of  the  Chesapeake  &  Ohio  Railroad,  but  re- 
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tired  from  that  office  in  a  few  months.  Soon  after  he  was  apjDointed 
Shii^i^mg  Commissioner  of  the  Port  of  Baltimore,  and  hehl  that  position 
at  tlie  time  of  his  death. 

He  was  a  meml)er  of  the  American  Society  of  Civil  Engineers, 
although  he  never  took  an  active  part  in  its  i^roceedings. 

In  social  I'elations  he  was  very  poiaular,  and  owing  to  the  versatility  of 
his  knowledge  and  wonderfully  retentive  memory,  and,  more  than  all,  to 
his  warm-hearted  imisulses,  was  much  esteemed  as  a  companion  and 
friend.  He  had  a  wonderful  power  of  exciting  enthusiastic  friendship 
and  admiration  among  the  suboi'dinates  in  his  employ.  His  conduct  was 
uniformly  courteous  and  respectful  to  all,  from  the  highest  to  the  lowest, 
and  his  salutation  on  entering  his  office  in  the  morning  to  the  half-witted 
man  who  swept  it  out  was  as  respectful  as  it  Avould  have  been  to  the 
president  of  the  company. 

Mr.  Tyson  was  one  of  the  few  men  who,  during  an  active  life,  in 
which  there  was  much  experience  calculated  to  embitter  him,  retained 
through  all  of  it  a  love  of  doing  good  to  others,  especially  if  they  were 
weak  or  helpless,  and  his  chivalric  devotion  to  the  old  and  those  in  want 
or  suffering,  and  his  tenderness  to  little  children,  Avere  marked  character- 
istics. 

He  was  independent  almost  to  a  fault,  and  incapable  of  smj- 
thing  like  adulation  for  the  pui'pose  of  securing  the  aid  or  good  will  of 
those  whose  influence  or  wealth  would  have  helj)ed  him. 

The  most  prominent  traits  of  his  character  were  not  those  which 
command  wealth  and  power,  but  they  caused  all  to  respect  him,  and  in- 
spired in  his  friends  and  those  much  nearer  to  him  the  strongest  and 
most  ardent  affection. 


LIST  OF  NEW  BOOKS  ON 

ENaiNEERING    AND    TECHNOLOGY 


Architecture.  The  Old  House  Altered.  George  Caldwell  and  Abram  A.  Brenenian.     2d  ed 

C.  Mason.   New  York.   8vo,  illus.  Pvlnams.  rev.    and    corr.      New  York.      8vo.       Van 

$'i.5i).  Aostraud.     $1.50. 

Bridges.   Maximum  Stress  in  framed  Bridges.  Coins.     The  Early  Coins  of  America;  and  the 

William  Cain.   New  York.   16mo,  illus.    Van  Laws   governing  their  Issue.     Comprising 

Nostrand's  Science  series.  No.  38.     $0..50.  also  descriptions  of  the  Washington  Pieces, 

Chemistry.      Elementary    and    Quantitative  the  Anglo-American  Tokens,  luany  pieces  of 

Analysis.     Alexander  Classen.     With  notes  unknown   origin   of    the   seventeenth    and 

and  add.  by  Edgar  F.  Smith.     Philadelphia.  eighteenth  centuries,  ^id  the  first  patterns 

Hoy.  12ino'.  illus.     //.  C.  Lea.     $2.00.  of  the   U.  S.    Mint.     Sylvester   S.   Crosby. 

A  Dictionary  of  Chemistry  aud  the  .\1-  Boston.     4to,  illus.,  heliotype  plates.    K&tes 

lied   Branches   of    other   Sciences.     Henry  rf-  Lauriat.     $10.00. 

Watts,  assisted  by  eminent  scientific  and  College  liot>k.  Edited  by  Charles  F.  Richard- 
practical  chemists.  Five  vols.  8vo,  doth.  son  and  Henry  Alden  Clark.  Comprising 
$.50.2.5.  Ditto,  first  supplement  $11.2.5.  historical  and  descriptive  accounts,  prin- 
Ditto,  second  supi)lemcnt  $13.50.  Lcmq-  cipally  by  professors  or  graduates,  ol  twenty- 
ninnx,  lyondon.      Worlhi.ngfmi.  New  York.  four   leading   American   Universities.   Col- 

Handbook  of  Modern  Chemistry,  Inor-  lesjes,  and   the   United   States  Military  and 

ganic;iiid  Organic.  F<U' the  Use  of  Stuilents.  Naval  .\cadeniies,  with  excellent  heliotype 

Chas.   Meymott  Tidy.      Philadelphia.     8vo.  illustrations  of  one  or  more  buildings  cou- 

Liwlsaii  i(- lUitkixtrm.     $5.00.  nectcd   with    each    of    these    instittitions. 

Manual    of    introductory    chemical  New  York.     8vo,  illus.     Houghton,  Osgood  d; 


practice,  for  the  use  of  students  iu  colleges  Co.     (Announcement.) 

and  normal  and  high  schools.      Geo.  C.        Cyclopredia.    Goodholmes'  Domestic   Cycio 


113 


ppedia.  Todd  S.  Goodbolme.  Kewiv^ik.  8vo, 
illus  Ilenri/  Holt  <£•  Co.  $5.00. 
Dictiouary,  Brande  &  Cox.  A  Dictionary  of 
Science.  Literature  and  Art.  W.  T.  Brande 
and  G.  W.  C<>x.  New  ed.  imp.  and  enl.  3 
vols.  8vo.  Longmans,  Loudon.  Worihing- 
(on,  New  York.     $22.00. 

lire's  of  Arts,  Manufactures  and 

Mines.  Vol.  IV.  Supplementary  to  7th  ed. 
Robert  Hunt.  8vo,  illus.  Longman^.  Lon- 
don.     Worthingtnv,  New  York.     $12.50. 

lire's Ttlied.    Complete  in  4  vols., 

iucludins  supplement.  .Svo,  illus.  Long- 
mins,  London,  Worthinyton,  New  York. 
$36.00. 

Directory  of  the  Engineers  and  Iron  and 
Metal  Trades  and  Colliery  Proprietors 
throuahout  England,  Scotland  and  Wales, 
and  the  principal  towns  in  Ireland.  3d.  ed. 
London.     Roy.  Svo.     Ktlley.     30s. 

Electric  LiRhtning  :  A  Practical  Treatise.  By 
Hippolyte  Fontaine.  Translated  from  the 
French  by  Paget  Higgs,  Assoc.  Inst.  C,  E. 
With  48  engravings,  Spons.'^  London  and 
New  York.     $3.00. 

Encyclopfiedia  of  Civil  Engineering,  Cresy's. 
1  vol.  Svo,  illus.  Longmans,  London. 
Wort  king  ton.  New  York.     $13.50. 

Engineering.     Pioneer  .     A  Treatise  on 

the  Engineering  Operations  connected  with 
the  Settlement  of  Waste  Lauds  in  New 
Countries.  By  Edward  Dobson,  A.  I.  C.  E. 
Loudon.  Crowu  8vo,  illus.  and  plates. 
Crnshy.  LocJcwood  if-  Co,     10s.  Cs. 

Geometry.  Elementary  Treatise  on  Co- 
ordinate Geometry.  By  Prof.  DeVolson 
Wood,  New  York.  Wileys.  (Announce- 
mei.t.) 

Theory    of    concentric   spheres.    By 

Svmmes.  Louisville.  Svo.  Bradley  if-  Gil- 
btrt.     $0.50. 

Geometrical  Drawing,  an  eleme7itary  course. 
Containing  Problems  on  the  Right  Line  and 
Circle,  Conic  Sections  and  other  Curves, 
the  Projection,  Section,  and  Intersection  of 
Solids,  the  Development  of  Surfaces,  and 
Isometric  Perspective.  George  L.  Vose. 
Boston    4to,  plates,    Lee  i£  Shepard.  $5.00. 

Hygiene,  Naval.  An  essay  on  the  various  in- 
fluences affecting  Human  Health,  and  the 
various  means  of  preventing  Disease,  etc. 
Joseph  Wilson,  M.D.,  Medical  Director  U. 
S-  N.  2d  ed.  Philadelphia.  Svo,  illus. 
Lindsay  <£•  Blakiston.     (Announcement.) 

Industries  of  Great  Britain.  Presenting  a 
vivid,  clear,  and  comprehensive  Hist,  of 
each  of  the  Great  Industries,  described  in 
all  their  various  aspects.  Fully  illus.  Vol.  1. 
Extra.  Crown  4to.  Cassell.  Pei(er<£  Galpin. 
London  and  New  York.     $3.00. 

Landscape  Art  in  England  in  1878.  A.Dawson. 
London.     Svo.     Deightnn  d:  Dunthoine.     Is. 

London.  Catalogue  of  the  Maps,  Plans,  and 
Views  of  London,  collected  by  P.  Crace,  giv- 
ing the  title  and  size  of  each.  London,  8vo. 
J.  G.  Crace.     21s. 

Mechanics,  Weisbach's.  Vol.  II.,  Part  III. — 
Heat  and  Steam  Engines.  Julius  Weisbach. 
Translated  by  Prof.  A.  J.  Du  Bois.  With 
Notes  on  American  Practice  by  K.  H.  Buel. 
New  York,     Svo.      WUeya.     $0.00. 

The  Amateur  JMecl'anics'  Workshop. 

Plans  and  Concise  Directions  for  Manipu- 
lating Wood  and  Metals,  including  Casting, 
Forging,  Brazing,  Soldering  and  Carpentry, 
By  the  author  of  "  The  Lathe  and  its  Uses." 
Ills.     Gth  ed.    London.    9vo.    Truhner.   6s. 

MiUs  and  MiUwork.    A  Treatise  by  Sir  Wil- 


1  am  Fau'bairu.  4th  ed.  Loudon.  Svo, 
Longmans.     258. 

Mineralogy.  Daua's  Manual  of  Mineralogy. 
New  ed.,  almost  entirely  rewritten  and 
brought  up  to  date.  New  York.  12mo, 
cloth.     Wileys.     $2.00. 

Brush,  G.  J.  Manual  of  determina- 
tive mineralogy  ;  with  introd.  on  blow-pipe 
analysis  (constituting  the  determinative 
part  of  Dana's  mineralogy.)  3d.  ed.,  tr.  into 
the  new  system.  George  J.  Brush.  New 
York.     Svo,  cloth.     Wileys.     $3.50. 

Painters,  Scnljitors,  Architects,  Engravers, 
and  their  Works.  >  A  Handbook,  with  many 
illustrations  and  mongrams.  By  Clara  Er- 
skine  Clement.  5th  ed.  re.  and  enl.  Bos- 
ton. Crown  Svo.  Houghton,  Osgood  <£•  Co. 
$3.25. 

Paris  :  Its  Parks  and  Gardens.  Considered  in 
relation  to  the  wants  of  other  cities,  and 
of  public  and  private  gardens.  2d.  ed.  enl. 
and  rev.,  with  upwai-ds  of  .350  ills.  W. 
Robinson.  New  I'^ork.  Svo.  Macmillan  <£ 
Co.     $7.50. 

Political  Register  and  Congressional  Direc- 
tory. A  Statistical  Record  of  the  Federal 
Officers — Legislative.  Executive,  and  Judi- 
cial—of  the  United  States,  1776-187S,  By 
Ben.  Perley  Poors,  Clerk  of  the  Senate 
Record,  Boston,  1  vol.  Svo.  ftoughton, 
Osgood  a  Co.     $6.00. 

Precious  Stones  and  Gems.  E.  W.  Streeter. 
New  York.   Svo.  Scribnerd:  Welford.  $9.00. 

Railways.  Sketches,  Historical  and  Descrip- 
tive. With  practical  information  as  to 
Fares  and  Rates,  &c.,  and  a  Chapter  on 
Railway  Reform.  By  Joseph  Parslow. 
London.    Crown  Svo.     G.  K.  Paul  <&  Co. 

68. 

Sanitary  Examinations  of  Water,  Air,  and 
Food.  By  Cornelius  B.  Fox,  M.D,  Illus. 
Svo.  Philadelphia.  Lindsay  <£•  BlaJceston. 
(Announcement . ) 

Science,  Half-hour  Recreations  in  Popular 
Science.  Second  Series.  Containing:  Trans- 
mission of  Sound  by  the  Atmosiihere,  by 
JohnTyndal  ;  The  Telephone,  by  Prof.  F.J, 
Garbit,  M.  D. ;  The  Phonograph,  by  Prof. 
F.  J.  Garbit,  M.D.,  etc.  Boston.  Large 
12mo.     1  vol.     Estes  &  Lanriat.     $2.50. 

Handbooks  for  Students  and  General 

Readers  in  Science,  Literature,  Art  and  His- 
tory; The  Studio  Arts,  by  Eliz.  Winthrop 
Johnson:  Astronomy,  by  R,  S.  Ball;  Verte- 
brata,  by  A.  McAlister,  "m.  D.  New  York. 
16mo.  Henry  Holt  <£  Co.  (Announcement.) 
The  American  Science  Series  for  High 


Schools  and  Colleges  :  Physics,  by  A.  M. 
Mayer;  Chemistry,  by  Sam.  W.  Johnson 
and  William  G.  Mixter  ;  Astronomy,  by 
Simon  Newcomb  and  Edwai-d  S.  Hoiden  ; 
Geology,  by  Raphael  Pumpelly  ;  Botany, 
by  C.  E.  Bessey;  Zoology,  by  A. "s.  Packard, 
Jr.;  The  Human  Body,  by  H.  Newell  Mar- 
tin; Psychology,  by  Wm.  James;  Political 
Economy,  by  Francis  A,  Walker;  Govern- 
ment, by  Edwin  L,  Godkin,  New  Y'ork. 
Henry  Holt  d-  Co.     (Announcement.) 

Scientific  Memoirs  ;  iieing  Experimental  Con- 
tributions to  a  Knowledge  of  Radiant  Ener- 
gy. John  William  Draper,  With  por.  New 
York.     Svo.     Harpers.     $3.00. 

Sound:  a  series  of  simple,  entertaining,  and 
inexpeusive  experiments  in  the  phenomena 
of  sound,  for  the  use  of  students  of  every 
age.  Alfred  M.  Mayer.  New  York.  12  mo, 
illus.  (Experimental  Science  Series  for  Be- 
ginners, No.  2.)    Appletoris.     $1.00. 
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steam  Engine.  A  History  of  the  Growth  of 
the  Steam  Engine.  Robert  H.  Thurston. 
New  York.  12mo.,  ilhis.  (Internat.  Scien- 
tific Ser.     V.  24.)     Appktnns.     $2.50. 

Handbook   of  the ; 

John  Bourne.  12  mo.,  illus.  Longmans, 
London.      Worthington,     New  York.     S2.00. 

.   Recent    improvements    in  tlie 

Steam  Engine.  With  124  wood-cuts.  Fools- 
cap, 8vo.  John  Bourne.  Longmans,  Lon- 
don.    Worthington,  New  Y^ork.     $2. .50. 

Tables  and  Memoranda  for  Engineers.    J.  C. 


Hurst.  3d  ed.,  rev.  London.  34mo. 
Spans.    Is. 

University  of  Oxford  :  Examination  of 
Women  over  Eighteen  Years  of  Age.  Ex- 
amination Papers  for  the  year  1878,  with  the 
li^t  of  Examiners  and  the  Regulations.  Lon- 
don.    8vo.     Farker.     Is.  6d, 

Local  Examinations.  Ex- 
amination Papers  for  the  year  187fi,  with  list 
of  Delegates  and  the  Examiners,  and  the 
Regulations  and  Notices  Prefixed.  London. 
8vo.    Fark-'.r. 


ANNOUNCEMKNTS. 


There  were  but  nine  Grand  Prizes  given  to 
American  Exhibitors  at  the  Paris  Exposition 
of  this  year.  One  of  these  was  to  the  Amer- 
ican Society  of  Civil  Engineers  for  its  Exhibit 
illustrating  American  Engineering. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society,  and 
ordered  printed  regularly  in  the  Society  pub- 
lications: 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad; 
and  whereas,  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
familiar  to  all,  by  comisarison: 

Resolved,  That  Members  be  requested,  in 
papers  hereafter  jjresented  to  the  Society,  to 
write,  in  parenthesis,  weights  or  dimensions 


by  the  metric  system, in  connection  with  those 
of  the  system  in  general  use. 

The  House  of  the  Society  is  at  104  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram.- 
ercy  Park.  It  is  open  from  nine  o'clock 
A.  M.  to  five  o'clock  p.  m.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  p.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  pi-esent,  be  open  every  Thursday 
evening,  from  7i  to  10  p.m.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals  and  for 
conversation. 


LIST      OF      MEMBERS, 


ADDITION. 

MEMBERS. 

Date  of  Election. 

Ansley,    George   D City  Surveyor,   Montreal,    Canada.  ..  .Sept.  4th,    1878 

Baker,  Willi.^m  L (Admitted    as     Junior,    January     6th, 

1875) ;  Ass't  Engineer  Detroit  Bridge 

and  Iron  Works,  Detroit,  Mich ^W.  6th,    1878 

Howard,  Frederick  B.  .  .(Admitted  as  Junior,  March  3d,  1875)  ; 

Civil   Engineer,    Alistract  Building, 

Detroit,  Mich "  " 

Sites,    Wilmon  W.  C City  Surveyor,  Board  of  Public  Works, 

Jersey  City,  N.  J "  " 

Stearns,  FREH.    P Ass't  Eng.  Boston  Water  Works,  South 

Framingham,  Mass Oct.     2d,     1878 

TiDU,   Marsiiai.t,   M Civil  Engineer,    46  Court   St.,    Boston, 

Mass "  " 

mmtt — 

RE-SIGNATION. 

Da  Costa,  John  C.    (Member) Oct.  loth,   1878. 
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The  Board  of  Direction,  in  compliance  with  Article  XII  of  the  Constitntion. 
herewith  presents  a  ''Report  on  the  affairs  of  the  Society,  embracing  the  Re- 
port of  the  Treasurer  "  for  the  term  from  November  7th,  1877.  to  November 
6th,  1878. 

On  November  7th,  1877,  the  membership  in  the  Society  was  : 

Honorary  Members,  resident 2        Xon-resideut 4 

Corresponding  Members —  "  3 

Members,  resident 110  "  325 

Associates,      "       i  "  12 

Juniors,  "        9  "  46 

Making 125  390 

Fellows,  68 —  of  whom  10  Members  and  1  Honorary  Member  are  indudid  above 
leaving 

Total  connected  with  the  Society,  November  7th,  1877 

To-day  the  membership  in  the  Society  is  : 

Honorary  Members,  resident 

Corresponding  Members - 

Members,  resident 120  "  334  "      454 

Associates,       '•        4  "  13  "       17 

-Juniors,  "       8  "  40  '•      57  528 

Making 134  403  537 

Fellows,  67— of  whom  10  Members  and  1  H<morary  Member  are  included  above, 

leaving 56 

Total  connected  with  the  Society,  November  6th,  1878 593 

*  These  proceedings  are  carried  np  to  November  6th,  187S.  The  explanation  of  tins  is  given 
i  u  the  previous  number. 
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The  increase  diiriut^  the  ye.ir  has  been  : 

Members  admitted 25,     resigned,  5;   died,  1  ;             increase 1!» 

Associates  admitted 1,  incease. .. .  1 

Juniors  admitted 5,     transferred  to  member.  3  ;   increase 2        22* 

Fellows  admitted 0,  died,  1;                                   decrease....                 1 

Total  admitted 31  ;  less.resigned  5,  transferred  3, 

died  2 10 

Making  net  increase 21  21    ' 

On  November  7th,  1877,  there  were  as  stated  in  last  report  of  Board,  8 
proposals  pending  ;  30  proposals  have  been  received  during  the  year  ;  24  can- 
didates have  been  elected  as  members,  of  whom  3  were  transferred  from 
Juniors;  1  candidate  has  been  elected  as  Associate  and  5  candidates  have  been 
elected  as  Juniors ;  2  persons  elected  previous  to  November  7th,  1877,  and  23 
elected  since  that  date,  have  qualified  during  the  year  as  Members  ;  1  Asso- 
ciate and  5  Juniors  elected  since  that  date  have  qualified  as  such  during  the 
year  ;  1  candidate  elected  as  Member  during  the  year  has  not  yet  qualified, 
and  there  are   six  proposals  now  pending. 

24  meetings  of  the  Society  were  held  during  the  year,  one  of  which  was 
the  Tenth  Annual  Convention  ;  a  meeting  has  been  held  on  the  first  and  third 
Wednesdays  of  each  month,  the  ordinary  recess  during  the  summer  not  hav- 
ing been  this  year  taken  ;  19  meetings  of  the  Board  of  Direction  have  been 
held  during  the  year. 

The  Tenth  Annual  Convention  was  held  in  Boston,  Jiane  18th  and  19th, 
1878.  This  was  followed  by  visits  to  varioiis  engineering  works  and  j^oints  of 
interest  in  the  City  of  Boston,  and  by  excursions  en  the  line  of  the  water 
works,  to  places  in  the  harbor,  to  Lowell,  to  Lawrence,  to  the  White  Moun- 
tains and  over  the  White  Moiintain  Railway,  and  by  visits  to  Providence  and 
Fall  Biver. 

Members  of  the  Boston  Society  of  Civil  Engineers,  of  the  Engineers'  Club 
of  St.  Louis,  of  the  Engineers'  Club  of  the  North  West,  of  the  Engineers'  Club 
of  Philadelphia,  and  other  visiting  engineers  were  present. 

Full  reports  of  the  Convention  have  been  published  in  Proceedings. 
Reports  made  during  the  year  were  as  follows  : 

By  (he  Board  of  Direction  :  The  Annual  Keport  for  the  j'ear.  Also  a  report  upon  a  ballot 
for  membership ;  a  reijort  upon  a  ballot  for  adoption  of  a  memorial ;  a  report  in  reference  to  reso- 
lutions and  By-Laws  referred  to  it,  embodying  a  proposed  codification  of  the  existing  Constitu- 
tion and  By-Laws  of  the  Society  ;  also  the  regular  reports  upon  the  applications  for  admission 
to  the  Societ.y  sent  out  with  the  letter  ballots. 

By  the  Finance  Committee  ;  1  Report. 

By  the  Treasurer  ;  2  Reports. 

By  the  Board  of  Censors  for  the  award  of  the  Norman  Medal  ;  1  Report. 

By  the  Centennial  Commission  of  the  Society  ;  2  Reports. 

By  the  Committee  on  the  Exhibition  at  Paris  ;  2  Reports. 

By  the  Committee  on  Tests  of  American  Iron  and  Steel  ;  2  Reports. 

By  the  Committee  on  Gauging  of  Streams  ;  2  Reports. 

By  the  Committee  on  Resistances  of  Railway  Trains  ;  1  Report. 

By  the  Committee  on  Uniform  Accounts  and  Returns  of  Railroad  Companies  ;  2  Reports^ 

By  the  Committee  on  Permanent  Quarters  for  the  Society  ;  2  Reports. 

By  the  Committee  on  Nomenclature  and  Classification  of  Masonry  ;  1  Report. 

By  the  Committee  on  the  Metric  System  ;  1  Report. 
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By  the  Committee  ou  time  and  place  of  Tenth  Annual  Convention  ;  1  Report. 

By  the  Committee  on  Nominations  ;  1  Eeport. 

By  the  Committee  to  Select  Commissioner  at  Paris  ;  1  Report. 

The  following  papers  and  discussions  have  been  published  during  the  year  ; 

Relative  Quantities  of  Materials  in  Bridges  of  different  kinds,  of  various  heights  ;  C.  E. 
Emery.     (No.  CXLIX.) 

Description  of  Survey  for  Determining  the  Slope  of  Water  Surface  in  the  Erie  Canal ;  W. 
H.  Searles.     (No.  CL.) 

Discussion  of  Connected  Arc  Marine  Boilers  ;  J.  F.  Flagg. 

Nomenclature  of  Building  Stones  and  of  Stone  Masonry  ;  J.  .James  R.  Croes,  William  E. 
Merrill  and  Edgar  B.  Van  Winkle.     (No.  CLI.) 

Discussion  on  Levees  as  a  System  for  Reclaiming  Low  Lands  ;  J.  P.  Flagg. 

Notes  and  Experiments  on  the  Use  and  Testing  of  Portland  Cement :  William  W.  Maclay. 
(No.  CLir.) 

On  Igniting  Blasts  by  Means  of  Electricity  ;  J.  H.  Striedinger.     (No.  CLIII.) 

A  Peculiar  Case  of  Failure  in  a  Water  Main  ;  D.  McN.  Stauffer.     (No.  CLFV.) 

Discussion  on  a  Peculiar  Case  of  Failure  in  a  Water  Main  ;  George  S.  Greene,  jr.,  W.  H. 
Paine,  C.  L.  McAlpine,  and  Wm.  J.  Mc.\lpine. 

The  Improvement  of  the  South  Boston  Flats  by  the  Harbor  Commissioners  of  the  Siate  of 
Massachusetts  ;  E.  S.  Pbilbrick.     (No.  CLV.) 

On  a  New  Method  of  Detecting  Overstrain  in  Iron  and  other  Metals,  and  on  its  Application 
in  the  Investigation  of  the  Causes  of  Accidents  to  Bridges  and  other  Constructions  ;  R.  H. 
Thurston.     (No.  CL"VT:.) 

Steam  Engine  Economy,   a  uniform  basis  for  comparison  ;  C.  E.  Emery.     (No.  CLVII.) 

The  Incline  Plane  Railroad  at  Madison.  Its  History  and  Operation.  M.  J.  Becker, 
(No.  CLVIII.) 

On  the  Theoretical  Resistance  of  Railroad  Curves  ;  S,  Whinery .     (No.  CLIX.) 

Discussion  on  the  Resistance  of  Railroad  Curves  ;  O.  Chanute,  C.  E.  Emery,  E.  Yardley, 
Edward  P.  North,  C.  L.  Mc.\lpine,  F.  Collingwood  and  W.  H.  Paine. 

On  the  Cause  of  the  Maximum  Velocity  of  Water  Flowing  in  Open  Channels  being  below 
the  surface  ;    James  B.  Frances.     (No.  CLX.) 

The  Flow  of  Water  in  Pipes  under  Pressure  ;  Charles  G.  Darrach.     (No.  CLXI.) 

Discussion  on  the  Cause  of  the  Maximum  Velocity  of  Water  Flowing  in  Open  Channels  being 
below  the  Surface,  and  also  on  the  Flow  of  Water  in  Pipes  under  Pressure  ;  Theodore  G.  Ellis, 
C.  E.  Emery,  C.  Herschel,  De  Volson  Wood  and  J.  T.  Fanning. 

The  South  Pass  Jetties  ;  Descriptive  and  Incidental  Notes  and  Memoranda  ;  E.  L. 
Corthell.     (No.CLXII.) 

Discussions  on  the  South  Pass  Jetties  ;  Charles  W.  Howell,  E.  L.  Corthell,  C.  Shaler 
Smith  and  J.  Foster  Flagg. 

Papers  and  notes  of  discussion  have  been  presented  during  the  year,  in  addi- 
tion to  those  published,  as  follows  : 

Brick  Arches  for  Large  Sewers  ;  R.  Bering. 

Discussion  on  Arches  for  Large  Sewers  ;  W.Milnor  Roberts. 

Accident  to  Arch  at  Brooklyn  ;  F.  Collingwood. 

Discussion  on  the  Relative  Quantities  of  Material  in  Bridges  ;  W.  H.  Searles. 

Accidfnt  to  Cable  at  Brooklyn  Bridge  ;  F.  Collingwood. 

Fall  of  Western  Arched  Approach  to  South  Street  Bridge,  Philadelphia  ;  D.  McN.  Stauffer. 

On  Ciments  ;  D.  J.  Whittemore. 

On  American  Cements  and  Bricks  ;  F.  Collingwood. 

The  Law  of  Tidal  Currents  in  River  Harbors  ;  J.  H.  Striedinger. 

The  Mediterranean  Currents  ;  Charles  H.  Haswell. 

Ou  Wing  Dams  ;  Theodore  G.  Ellis. 

Brush  Mattrass  Dams  ;  J.  Dutton  Steele. 

On  the  Means  for  Checking  the  Movement  of  the  Falls  of  St.  Antho?  y  ;  E.  P.  North. 

The  Dynagraph  :  R.  H.  Buel. 
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Reminisceuoes  and  Experiences  of  Early  Engiueeriug  Operations  with  especial  reference 
to  Steep  Inclines  ;  \\.  Milnor  Roberts. 

On  Incline  Phnes  ;  O.  Chanute. 

On  Incline  Planes  ;  W.  H.  Paine. 

On  the  Nomenclature  of  Buildins  Stones  and  of  Stone  Masonry  ;  J.  Foster  Flagg. 

On  the  Nomenclature  of  Building  Stones  and  of  Stone  Masonry  ;  J.  J.  R.  Croes. 

On  a  Newly  Discovered  Relation  between-  the  Tenacity  of  Metals  and  their  Resistance  to 
Torsion  ;  R.  H.  Thurston. 

Observations  on  the  Stresses  Developed  in  Metallic  Bars  by  Applied  Forces  :  T.  Cooper, 
k         On  Stresses  in  the  Eye  Bar  Head  ;  De  Volson  Wood. 

Distribution  of  Rain-fall  during  the  Great  Storm  of  October  3d  and  Ith,  1869  ;  James  B. 
Francis. 

On  Gauging  of  Streams  ;  C.  Herschel, 

The  Dangers  threatening  the  Navigation  of  the  Mississippi  River,  and  the  Reclamation  of 
its  alluvial  Lauds  ;  B.  M.  Harrod. 

On  Sewers  ;  E.  S.  Chesbrough. 

On  Steam  Engine  Economy  ;  E.  D.  Leavitt,  .Ir. 

On  Steam  Engine  Economy  ;  J.  Foster  Flagg. 

On  Railways  Curves  :  J.  Dutton  Steele. 

Graphic  M-  thod  of  Railroad  Accounts  :  C.  Latimer. 

The  Gravity  of  Water  ;  F.  Colliugwood. 

The  Flow  of  Water  in  Small  Channels,  after  Ganguillet  and  Kutter,  with  Kutter's  Diagram 
■modified  and  graphical  Tables  with  special  reference  to  Sewer  calculations  :  R,  Bering. 

The  Proceedings  tontidn,  in  addition  to  the  reports  mentioned  : 

Announcements  in  reference  to  discussions,  ballots,  illustrations  of  papers,  donations  to  the 
library,  times  of  meetings,  members  visiting  Europe,  the  tenth  annual  Convention,  reviews 
and  extracts  of  papers  of  this  Society  published  abroad,  complete  sets  of  Society  Transactions, 
discordant  standards  of  measurement,  the  Norman  Medal,  and  papers  for  distribution. 

Lists  of  Additions  to  the  Library  and  Museum  of  the  Society. 

Lists  of  Additions  to  Membership  and  of  Resignations  and  Deaths. 

Lists  of  Changes  and  Corrections  of  Address  of  Members. 

Letters  of  Invitation  to  Members  of  this'Society  from  the  Society  of  German  Engineers. 

Memoirs  of  deceased  Members  of  the  Society. 

Memorial  adopted  on  subject  of  extension  of  triangulatious  of  the  Coast  Survey. 

Minutes  of  the  Meetings  of  the  Society  and  of  the  Board  of  Direction  and  of  the  Convention 
at  Boston. 

Monthly  lists  of  new  books  on  Engineering  and  Technology. 

Notes  and  memoranda  in  reference  to  the  Exhibit  of  American  Engineering  at  Paris,  the 
Metric  System  of  Weights  ar.d  Measures,  the  Board  to  test  Iron  and  Steel. 

Notes  as  to  the  performance  of  the  earlier  engines  on  the  Philadelphia  and  Reading  Railroad. 

Proposed  Amendments  to  the  Constitution  and  By-Laws. 

Volume  VI.  of  Transactions,  and  Volume  III.  of  Proceedings  closed  with  the  December 
number,  and  Title  Page  ai.d  Index  for  each  were  issued  with  the  January  number. 

Several  years  since,  a  handsome  plate  for  Certificates  of  Membership  in  the 
Society  was  engraved,  and  a  number  of  blanks  on  parchment,  parchment 
pajier,  and  plate  paper  were  printed.  An  announcement  was  made,  that  on 
the  payment  of  a  sum  stated,  to  cover  the  actual  cost,  a  certificate  would  be 
forwarded  to  each  member  desiring  it.  Many  were  ordered  and  paid  for 
biit  none  were  delivered,  on  account,  as  stated  in  the  report  of  former  boards, 
of  an  undecided  question  as  to  the  time  when  the  membership  of  an  electe  1 
candidate  begins. 

During  the  past  year,  105  Certificates  of  Membership  have  boen   finally 
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prepared,  and  all  forwarded  to  the  members  who  have  ordered  them,  except  a 
few  which  are  waiting  the  signature  of  one  of  the  former  officers  of  the  Society, 
who  it  is  expected  will  soon  be  in  New  York,  when  they  also  will  be  completed 
and  delivered. 

The  Board  of  Direction  elected  November  7th,  1877,  held  its  first  meeting 
for  organization  on  Nov.  14th.  The  interval  of  a  week  allowed  by  the  Consti. 
tntion  between  the  election  and  the  first  meeting  of  the  Board  was  taken  so 
that  the  non-resident  members  might  have  notice  of  and  oijportunity  to 
attend  this  important  meeting.  It  was  then  found  that  the  last  number  of 
the  Transactions  that  had  been  published  was  the  one  dated  September,  1877. 
The  next  number  was  prepared  directly  and  issued  early  in  December ;  but, 
as  will  be  seen,  this  was  in  the  regular  sequence  headed  as  for  October,  thus  really 
putting  the  heading  of  the  number  two  months  behind  its  actual  issue.  The 
Board  has  fully  appreciated  the  desirability  of  regularity  in  publishing  the 
Transactions  ;  but,  as  will  be  explained  in  the  statement  as  to  finances,  the 
necessity  and  great  ulterior  benefit  to  the  Society  of  paying  np  its  bills  seemed 
so  decided  that  it  was  considered  best  to  make  that  the  paramount  work.  Ten 
numbers  have  been  published  during  the  year.  The  remaining  numbers,  to 
bring  the  Transactions  iip  to  current  dates,  have  been  prepared  in  manuscrii^t 
and  can  soon  be  i)ublished,  as  there  are,  at  last,  no  financial  difficulties  to 
l)revent. 

The  financial  difficulties  of  the  past  year  have  been  due  to  the  fact  that 
there  were  bills  presented  for  liabilities  incurred  previous  to  the  commence- 
ment of  this  year,  and  running  back  to  1874.  It  was  found  tlrat  the  credit  and 
good  name  of  the  Society  were  in  danger,  and  it  was  determined  to  pay  all 
these  bills.  The  amount  so  paid,  during  the  past  Societj'  year,  of  bills  for 
liabilities  incurred  previous  to  the  beginning  of  this  year  is  $2,786  33. 

The  balance  transferred  from  the  previous  year  was  also  reduced  by  the 
payment,  during  the  last  month  of  that  year,  of  bills  amounting  to  over  $1,000, 
which  had  been  incurred  during  a  period  extending  from  December,  1872,  to 
April,  1877. 

The  Board  is  happy  to  say  that  there  are  now  no  unpaid  bills  against  the 
Society  ;  that  it  transfers  its  control  of  affairs  to  its  siiccessors  with  no  legacy 
of  bills  payable,  and  it  congratiilates  the  Society  upon  the  fact,  which  it  is 
believed  exists  for  the  first  time  in  at  least  six  years,  that  it  is  entirely  out  of 
debt. 

It  will  be  seen  from  the  Eeport  of  the  Treasurer  that  there  are  117  mem- 
bers in  arrears  for  dues,  the  amoiint  of  arrearages  being  $5,285.  The  greater 
portion  of  these  members  are  believed  to  be  willing  to  liquidate  their  indebt- 
edness, but  to  have  been  unable  to  do  so  in  consequence  of  the  great  depres- 
sion in  business.  Toward  such  members  who  express  a  desire  to  retain  their 
membership,  and  who  evince  that  desire  by  payment  in  instalments,  as  op- 
portunity offers,  the  Board  feels  that  a  lenient  policy  is  the  most  just ;  but 
toward  those  who  take  no  notice  of  reqi;ests  for,  at  least,  a  reply  to  respectful 
communications  asking  for  payment  of  their  indebtedness,  but  one  course  can 
be  pursued,  and  it  is  proposed  to  take  measures  to  compel  payment  after  the 
first  of  January  next.  It  is  siiggested  that  members  in  arrears  who  may  pos- 
sess books  and  reports,  copies  of  which  are  not  in  the  Libi'ary.  should  dispose 
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of  them  to  the  Libraiy  at  market  rates,  the  amount  of  the  same  to  be  credited 
to  their  account. 

The  library  has  been  increased  during  the  year  by  the  following, 
additions  : 

Kumber  of  Books  bouutl 190 

"        "        unbound 200 

"      Pamphlets 378 

"      Maps 10 

'•      Plans 32 

"      Photographs 40 

"      Drawings,  Specifications,  Models  and  Si^ecimens 17 

These  do  not  include  the  magazines  and  papers  contributed  to  the  Society- 
by  publishers,  or  received  in  exchange  for  Transactions,  as  follows  : — 

American  Architect  and  Building  News Weekly Biston. 

American  Cyclopaedia  and  Popular  Science  Monthly Monthly New  York. 

American  Gas  Light  Journal Semi-Monthly 

Aunales  des  Ponts  et  Ctausiies Quarterly Paris. 

Army  and  Navy  Journal Weekly New  York, 

Builder "      London. 

Building  and  Engineering  News "      " 

Commissioner  of  Patents  Journal Semi- Weekly " 

Deutsche  Bauzeitung "  Berlin. 

Engineer Weekly London. 

Engineering "      " 

Engineering  and  Mining  Journal "      New  York. 

Engineering  News "      Chica:go. 

Iron "      London. 

Iron  Age "      New  York. 

Journal  American  Iron  and  Steel  Association "      Philadeli^hia . 

"        of  Franklin  Institute Monthly " 

"        Society  of  Arts Weekly London. 

Manufacturer  and  Builder Monthly New  York. 

Manufacturer  and  Iron  World , Weekly Pittsburg. 

Monthly  Record  of  Scientific  Literature Monthly New  York. 

Polytechnic  Review Weekly Philadelphia. 

Railroad  Gazette "      .   New  York. 

Railway  Age "      Chicago, 

Railway  Review "       " 

Railway  World "      Philadelphia- 
Scientific  American "      New  York. 

Telegraph  Journal  and  Electric  Review Semi-Monthly Loudcm. 

Van  Nostrand's  Magazine Month Ij- New  York. 

The  following  are  subscribed  for  : 

Allgemeine  Bibliographic  fiir  Deutsc-hland Weekly Leipzig. 

American  Bookseller Semi-Monthly New  York. 

American  Library  Journal Monthly New  York. 

Bibliographie  de  la  France Weekly Paris. 

Bookseller Monthly London. 

Journal  of  Artillery  and  Military  Engineering "       Vienna. 

Publishers'  Weekly Weekly New  York. 

The  Society  has  received  during  the  year,  in  exchange  for  its  "^Transac- 
tions," officiiil  iiublications  of  the  following  associations,  in^^sonie  instances 
for  preceding  years  : 


121 

Aeronautical  Society  of  Great  Britain London. 

American  Institute  of  Arcliitects ....  New  York. 

"         Academy  of  Sciences Washington. 

"  Institute  of  Mining  Ent;ii]pers Easton,  Pa. 

.\rL-hitec'eu  uud  lugeuieur  Vereiu  zu  Hannover Hannover. 

Argentine  Scientific  Society Buenos  Ayres. 

Associacao  des  Eugenueiros  Civis  Portugiiezes . .  .Lisbon. 

Austrian  Society  Engineers  and  Architects Vienna. 

Boston  Public  Library Boston. 

British  Patent  Oftii-e   London. 

■Civil  Engineers'  Club  of  the  Northwest Chicago. 

•'  "      Philadelphia Philadelphia. 

•'  "      St.  Louis St.  Louis. 

Die  Administration  der  "  Mittheilungen  ". Vienna. 

Engineer  Department,  U.  S.  A .  Washington. 

£ssayo'is  Club,  Corps  of  Engineers,  U.  S.  A Willetts  Point. 

Imperial  School  , Moscow. 

Institution  of  Civil  Engineers London. 

"  "  of  Ireland Dublin. 

"      Engineers  and  Shipbuilders Glasgow. 

"      Mechanical  Engineers London. 

Iron  and  Steel  Institute " 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers Newcastle-on-Tyne 

Oesterreicher  lugeuieur  und  Architecten  Vereiu Vienna. 

Revue  Generale  des  Chemin.s  de  fer Paris. 

Koyal  United  Service  Institution London. 

Hussian  Imjierial  Technic  Society St.  Petersburg 

Saxonian  Society  of  Engineers  and  Architects  Dresden. 

Smithsonian  Institution Washington. 

Society  of  Arts London. 

"  Engineers " 

Societe  del  Cueipo  de  Ingenieros Lima. 

Societe  des  Ingenieurs  Civils Paris. 

Stevens  Institute  of  Technology Hobokeu. 

Swedish    Society  of  Engineers . .  .Stockholm. 

U..8.  Light  House  Board Washington. 

U.  S.  Military  Academy West  Point. 

U.  S.  Naval  Observatory Washington. 

U.  S.  Ordnance  Department 

IT.  S.  Patent  Office 

The  ijresent  state  of  the  Library  is  about  as  foHows: 

Books  and  Pamphlets 7,487 

Manuscripts 95 

Maps,  Plans,  Drawings,  Charts,  Photograjjhs  and  Engravings 1.884 

Models  and  Specimens 208 

No  paper  has  been  submitted  during  the  past  J'ear  for  competition  for  the 
Norman  Medal. 

The  Committees  existing  at  the  beginning  of  the  year  are  still  continued, 
■except  those  on  Nomenclature  and  Classification  of  Masonry,  and  on  the 
Metric  System  of  Weights  and  Measures. 

A  Committee  charged  with  the  preparation  of  an  Exhibition  of  American 
Engineering,  at  the  Paris  Exj^osition,  was  appointed  during  the  year,  and  it 
is  expected  will  report  at  this  tiroe. 

A  Committee  was  appointed  at  the  business  meeting  during  the  Tenth 
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Anuiial  Conveution,  to  examine  into  the  methods  of  election  of  officers 
adopted  by  varioiis  chibs  and  societies,  and  to  report  a  By-Law  embodying 
such  features  of  the  various  plans  as  may  seem  best  adapted  for  this  society. 
This  Committee  will  report  at  this  time. 

The  lease  of  the  present  Society  House,  will  expire  on  the  tirst  of  May  next. 
The  Committee  on  permanent  ipiarters  for  the  Society  will  report  on  this 
subject  at  this  meeting. 

Amendments  to  the  Constitution  adopted  during  the  year,  have  Ijeen  as 
follows  : 

Article  XIX. — For  "two"  in.sert  "five"  and  tor  "  thirty  "  insert  "twenty-five"  The 
article  will  then  read  : 

All  candidates  for  admission  to  the  Society  must  file  statements  by  themselves,  setting 
forth  the  grounds  of  their  claim  to  be  elected;  be  proposed  by  at  least  five  members  of  the 
Society,  to  whom  they  must  be  personally  known,  and  a  notification  of  the  same  sent  to  each 
member  whose  address  is  on  record.  Each  proposition,  with  the  names  of  the  proposers, 
must  be  posted  in  some  conspicuous  place  in  the  rooms  of  the  Society  for  at  least  twenty-five 
days  before  being  submitted  to  vote.  All  papers  and  applications  shall  be  laid  before  the 
Board  of  Direction,  and  be  reported  upon  previous  to  action  by  the  Society. 

Article  XX. — In  elections  for  membership  of  either  class,  members  shall  vote  by  letter 
or  by  ballot,  in  the  usual  way,  and  the  result  shall  be  announced  at  the  next  regular  meeting 
held  after  thirty  days  have  elapsed  from  the  time  of  mailing  the  notification.  Five  or  more 
ballots  cast  in  the  negative  shall  exclude.  Members  notified,  but  not  re.sponding.  shall  be 
classed  as  voting  in  the  aihrmative. 

Article  XXII.  (To  read.)— Persons  thus  elected  and  duly  qualified,  who  reside  within 
fifty  miles  of  the  Post  Office  in  the  City  of  New  Yort,  shall  be  deemed  resident;  and  those 
who  reside  beyond  this  limit  shall  be  deemed  non-resident.  The  membership  of  any  person 
shall  begin  on  the  day  of  his  election. 

Article. (A  new  Article.)— Members  in  arreai-s  for  more  than  one  year's  annual  dues 

shall  not  be  allowed  to  vote  until  such  dues  are  paid. 

Article. (A  new  Article.)— Upon  the  written  request  of  ten  or  more  members,  that 

for  cause  therein  set  forth,  a  person  belonging  to  the  Society  be  expelled,  the  Board  of 
Direction  shall  consider  the  matter,  and  if  there  is  sufficient  reason  shall  advise  the  accused 
that  his  resignation  will  be  accepted.  He  may,  upon  demand,  receive  a  copy  of  the  charge 
against  him,  and  present  a  written  defense.  Two  months  after  such  advice  was  given,  the 
Board  of  Direction  shall  finally  consider  the  case,  and  if  resignation  has  not  been  tendered  or 
a  satisfactory  defence  made,  will  then  notify  the  member  that  he  will  be  expelled  iu  one 
month,  unless  he  e'ects  to  appeal  from  this  decision.  Apjieals  will  be  submitted  to  the  Society 
by  letter  ballot.  In  case  no  appeal  be  made,  the  Board  of  Direction  will  expel  the  member 
and  notify  him  and  the  Society  of  the  same,  or  of  the  action  of  the  Society  on  appeal,  and 
the  above  shall  in  any  event,  be  the  only  public  announcement  of  the  matter. 

Amendments  to  the  By-Laws  adopted  during  the  year  have  been  as  fol- 
lows: 

(A  new  Section.)— In  all  cases  where  the  By-Laws  or  lesolutions  of  the  Society  or  of  the 
Board  of  Direction  require  specific  duties  to  be  performed  by  the  President,  the  senior 
resident  Vice-President  present  shall  perform  such  duties  in  absence  of  the  President,  on 
receiving  notice  from  the  President  to  perform  such  duties. 

Section  26.— Additions  and  amendments  to  these  By-Laws  shall  be  proposed  in  writing 
and  seconded  at  a  regular  meeting,  and  then  submitted  to  vote  of  the  members  by  letter 
ballot.  The  vole  shall  be  canvassed  at  the  second  regular  meeting  thereafter,  and  two- 
thirds  of  all  the  votes  cast,  shall  be  ::ecessary  for  the  adoption  of  any  such  addition  or 
amendment. 

■  The  following  clause  was  stricken  out  from  section  2."5. 
[The  term  Junior  is  to  be  understood  as  not  referring  to  the  age  of  the  person,  but  to  his 
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classification  in  tlie  Society  for  the  time  being.  He  is  Junior  to  Members  in  the  sense  that 
his  professional  experience  has  had  a  more  limited  scope  than  theirs,  while  be  is  eligible  to 
become  a  Member,  which  an  Associate  is  not,] 

The  I>oard,  as  was  reported  at  the  last  meeting  of  the  Society,  has  caused 
a  coditication  to  be  made  of  the  existing  provisions  of  the  Constitution  and 
IJy-Laws. 

Amendments  have  been  offered,  whicli  are  to  be  debated  by  the  Society 
to-day. 

The  Secretary  has,  under  direction  of  the  Board,  taken  active  measures  to 
recover  the  value  of  a  certificate  for  five  shares  of  the  stock  of  the  New  York 
Central  Kailroad  Company,  which  certificate  was  lost,  some  ten  years  ago,  by 
the  former  Treasurer  of  the  Society.  These  measures  have  finally  been  suc- 
cessful, and  the  Board  takes  pleasure  in  stating  that  the  value  of  the  original 
shares,  and  the  acciimulated  dividends,  has  been  recovered.  The  amount 
placed  in  the  treasury  of  the  Society  from  this  source,  after  paying  all  ex- 
penses, is,  at  par,  $1,475.79. 

Deaths  of  members  during  the  year  have  been : 

John  F.  Tracy,  elected,  as  fellow,  January  '20th,  l)S7:i,  who  died  February 
13th,  1878,  and  a  memoir  of  whom  has  been  published. 

C.  Eidgely  Schott,  elected,  as  Member.  April  1st,  1874,  who  died  July  9th, 
1878,  of  whom  a  memoir  is  in  preparation. 

Although  not  a  member  of  the  Society,  Mr.  Benjamin  H.  Latrobe  was  so 
^irominent  in  our  profession  that  the  Board  takes  this  occasion  to  announce 
his  death,  which  occurred  at  Baltimore  on  the  19th  of  October,  1878,  in  the 
seventy-first  year  of  his  life.  Mr.  Latrobe  was  one  of  the  i^ioneers  of  the 
engineering  profession  in  this  country.  He  took  a  most  prominent  i^art  in  the 
construction  of  the  great  railroad  system  from  its  infancy  to  its  present  full 
development.  His  bold  design  of  ascending  the  Alleghenj'^  Mountains  with 
steep  grades,  which  he  afterward  carried  oiit  so  successfully,  received,  as  it 
merited,  the  admiration  of  engineers,  and  established  for  Mr.  Latrobe  a  repu- 
tation as  one  of  the  foremost  engineers  of  his  time  throughout  the  civilized 
world,  which  he  has  siistained  by  his  works,  and  his  personal  character,  to  the 
end  of  his  useful  life. 

liesi^ectfully  submitted. 

JOHN  BOGART, 

Secretary, 
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KEPOET  OF  THE  TREASUEER 

For  tiik  Year  kxdixg  Kovember  6to,  1878. 
Presented  and  Accepted  at  the  Tire nt>j -sixth  Annual  Meeting. 


Receh'ts. 

Balance  on  hand  Novembei'  7th,  1877 ^634  67 

Entrance  fees   775  00 

Current  dues — from  88  Resident  Members -S'J.iea  50 

Do.  from  270  Non-resident  Menibei's o,1)d7  50 

Do,  from  5  Resident  Juniors 75  00 

Do.  from  44  Non-i-esident  Juniors 439  88 

Do.  from  3  Resident  Associates . .         45  00 

Do.  from  7  Non-resident  Associates ti5  oo 


Past  dues — from  (3  Resident  Members ^\''i^>  <»>) 

Do.         from  18  Non  resident  Members 375  (iO 


r.,754  88 


■)50  00 


Dues  for  year  beginning  Nov.  Gth,  1878: 

From  13  Resident  Members -<:i'J5  (i(i 

From  95  Nonresident  Members. 1 ,1  Id  55 

From  14  Non-resident  Juniors 140  00 

From  2  Non-resident  Associates liu  oo 

],90I    55 

Sales  of  Publications 283   21 

Certificates  of  Membership ...  36  75 

Miscellaneous 33  75 

Proceeds  of  5-2o  Bond — Fellowsliip  Fuiul — called   in S527   9() 

Interest  on  Fellowship  Fund  Bonds   ...       560  oO 

Interest  on  Savings  Baidi  Deposit 63  22 

Interest  on  Norman  Medal  Fund 70  00 

Accumulated  Dividends  on  recovered  Railroad  Stock 975  79 

• 2,196  97 

Nl3,166  78 
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Disbursements. 

Rent f  1,600  00 

Janitor,  House  Supplies,  Fuel,  Furniture,  Water  and  Gas 897  21 

Library 119  82 

Publications 1,943  70 

Insurance 34  23 

Postage , 337  94 

Salaries 3,000  00 

Stationery  and  Printing- 492  36 

Norman  Medal  and  Book  Prize 128  15 

Annual  Meeting  and  Convention 300  71 

Certificates  of  Membership 49  80 

Other  expenditures 128  80 

Publications  previous  to  Nov.  7tli,  1877 ?5l,516  50 

Rent  do.  do.  400  00 

Salaries  do.  do. 58  33 

Legal  services     do.  do.  160  88 

JSIiscellaneons  bills  previous  to  Xov.  7th,  1877 650  62 

2,786  33 

$11,819  05 
Transferred  to  investment  Account:   See  Statement  liere- 

with $598  22 

Balance  on  hand. ...    749  51 

1,347  73 

.^1 3,166  78 

The  funds  of  the  Society-  are  invested  as  follows,  par  values  being  stated  : 
Fellowship  Fund: 

8  Bonds  Jersey  City  Water  Loan $8,00U  00 

Deposit  in  Seamen's  Bank  for  Savings 886  12 

18,886   12 

Norman  Medal  Fund : 

1  Certificate  Croton  Aqueduct  Stock,  New  York  City 1,000  00 

General  Investment: 

10  Shares  New  York  Central  and  Hudson  River   IM!. 

Stock 1,000  00 

1  Consolidated  Certificate  New  York  Central  and  Ilu  1 

son  River  R.R.  Stock 35  00 

1,035  00 
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There  is  due  to  tlic  Society  tVom  its  members  for  arrears  of  dues  tlie  sum  of 
S5,285  00,  distributed  as  follows: 

46  Members  owe  for  ]  year $780  00 

19  do.  do.     2  do 610  00 

2'i  do.  do.     3  do 1050  00 

8  do.  do.     4  do 540  00 

9  do.  do.     5  do 775  00 

1 1  do.  do.     ()  do 1 330  00 

•i  do.  do.     7  do 2iiu  00 

117  .Members    owe $5285  00 

•r.  J.    R.   CROK:^, 

Treaxv  rer. 


R J-: P( ) R IS    OF    CO M Ai IT n: ES. 


Eeport  of  the  Committee  on  Fin.\nce. 

Presented  and  .Accepted  Nov.  Cth,  187H. 

The  Committee  on  Finance  would  respect-  ner  as  to  greatly  les.sen  the   labors  of  your 

fully  present  the  following  report   for  the  committee. 

year  ending  November  6th  1878:  Notwithstanding  the  efforts  of  the  previous 

The  balance  on  hand,  reported  No-  committee,  we  found  there  were  still  old  out- 

vember  6th,  1877,  was $634  07  standing  bills  and  unsettled  accounts. 

Outstanding  indebtedness 1,810  58  The   ca'ling  for  receipts  in    full    by    our 

Leaving  a  balance  of  indebtedness  Treasurer  has,  we  tru.st,  brought  in  all  such 

of 1,17.5  91  accounts,  the  number  and  amounts  of  which 

The  receipts  for  the  present  fiscal  have  been  a  matter  of  surprise  and  a  severe 

year,  as  reported  by  the  Treas-  drain  upon  our  treasury. 

urer,  are  12,532  11  The  total  amount  of  such  bills  paia  during 

The  expenditures  have  been 11,819  05  this  year  has  been  $2. 786. 3.3, to  which  we  might 

including  the  indebtedness  left  oi  erfrom  last  properly  add  the  amount  of  more  than  $1,020' 

yp^r.  presented   near  the  close  of  last  year,  all  if 

The  committee  would  respectfully  refer  to  which  has  been  withdrawn  from  tlie  available 

the   Secretary's  and  Treasurer's  reports  for  funds  of  this  year. 

the  items   of  the  foregoing   summary,  and  Your  committee  has  brought  this  matter  to 

would  remark  that  the   systematic  arrange-  tjje  attention  of  the  Board  of  Direction,  which 

ment  of  all  of  the  accounts,  not  only  with  j^as  taken  action  in  appropriating  funds  and 

each  individual  debtor  and  creditor,  but  also  ordering  these  bills  paid,  which  action  now 

with  each  appropriation  fund,  has  been  car-  places  our  Society  entirely  free  from  debt, 
ried  out  in  so  thorough  and  practical  a  man- 


FiEi'oirr  OF  (\)m:mitieeon  Tests  of  Amekkan  Iron,  Steel,   and  other 

Metals. 

Phkskntei)   Foil  THK  ('f)MMrrTEE  nv  William  Sooy  Smith,  Chairman. 


The  (iimniittce  submits  as  a  report  the  tact 
that  the    Board  to  Test   Amerirau  Iron  and 


Steel  is  legislated  out  of  exi.steme  ju.st  as  its 
work  is  fairly  bcgiiii. 
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Report  o"  the  Committee  ox  Gaining  of  Streams. 
Presentkd  fou  the  Committee  by  J.  J.  R.  Ckoes,  Chairman. 


The  Committee  on  Gauging  of  Streams  re- 
spectfully reports  that  cUiring  the  past  sum- 
mer .some  measurements  have  been  taken  of 
the  minimum  flow  of  the  Passaic  River,  and 
some  of  its  branches  in  New  .Jersej',  the  re- 
sults of  which  they  hope  soon  to  be  able  to 
lay  before  the  Society.  The  of&cers  of  the 
Geological  Survey  of  New  Jersey  have  ex- 
pressed great  interest  in  the  efforts  of  the 
Committee,  and  anticipate  the  establisment, 
at  an  early  day,  of  systematic  measurements 
of  the  streams  in  portions  of  that  State. 


The  Committee  desires  to  call  attention  to  - 
the  very  interesting  report  of  General  Theo- 
dore G.  Ellis  on  the  measurements  of  the 
flow  of  the  Connecticut  River,  made  under 
the  direction  of  the  United  States  Engineirs 
for  several  years,  which  report  has  recently 
been  published  by  the  War  Department. 

The  system  of  measurement,  and  the  re- 
sults obtained.  ai"e  therein  fully  det^iiled,  and 
will  be  of  groat  benefit  to  observers  desiring 
to  establish  similar  systems  of  gauging. 


Report  of  Committee  on  Permanent  Qtakteks  for  the  Society. - 

Presented  for  the  Committee  by  John  Bogakt,  Chairman. 


The  Committee  on  Permanent  Quarters  for 
the  Society  begs  to  report  that  as  the  lease  of 
the  present  Society  House  expires  on  the  1st 
of  May  next  it  will  be  necessary  to  determine 
whether  it  is  best  to  renew  it. 

It  will  be  inexpedient  to  move  the  Society 
effects  unless  there  are  strong  reasons  of 
economy  or  convenience  for  doing  so.  But 
the  rent  paid  for  this  house  is  quite  large, 
and  it  would  be  very  desirable,  if  possible,  for 
the  Society  to  be  properly  accommodated  at  a 
lower  rental.  It  is  therefore  suggested  that 
the    Board    of    Direction     should     ascertain 


whether  a  reduction  of  rental  can  be  ob- 
tained— should  ascertain  whether  other  con- 
venient quarters  can  be  found  at  a  rental 
sufficiently  less  to  warrant  removal,  aud 
should  determine  the  question  upon  the  com- 
bined considerations  of  economy  and  con- 
venience. 

The  Committee  have  kept  in  view  the  gene- 
ral desire  of  the  Society  to  secure,  at  the 
earliest  practical  period  a  suitable  building  of 
their  own,  or  one  of  which  a  perm  uient  lease 
might  be  advisable  :  but  it  is  well  known  that 
this  is  not  immediatelv  attainable. 


Letter  from  the  President  of  the  Society, 

Presented  at  the  Twenty-sixth  Annual  Meeting.  November  6th,  1878. 


Chicago,  Nov.  2d,  1878. 
To  the  Members  of  the  American  Society  oj  Civil 
Engineers : 

Gentlemen, — On  reaching  the  clnse  of  the 
term  of  otKce  with  which  I  feel  the  Society 
has  greatly  honored  me,  a  custom  that  should 
not  lightly  be  disregarded  demands  some 
statement  from  me,  relative  to  the  progress^ 
condition,  and  prospects  of  the  Society  in 
particular,  and  of  our  profession  in  general. 

I  have  to  acknowledge,  however,  that  the 
distance  of  my  home  from  the  central  office, 
and  the  restraining  circurastance.s,  both  i^ri- 
vate  and  official,  in  which  I  have  been,  and 
still  am,  placed  here  have  prevented  me  from 


attending  a  single  meeting  of  the  Society 
during  the  year.  While  this  has  been  a 
source  of  great  regret,  it  has  also  been  to 
me  very  gratifying  to  knowthat  the  duties 
of  the  office  have  been  so  ably  iierformed  by 
the  Senior  Vice-President,  who,  I  rejoice  to 
believe,  is  to  be  my  successor.  Under  the.se 
circumstances,  it  would  be  a  useless  waste  of 
your  time  for  me  to  undertake  to  enlighten 
you  in  regard  to  matters  with  which  the  Se- 
nior Vice-President  and  the  Secretary  ai-e  so 
much  better  acquainted  than  I  am. 

My  correspondence  and  my  limited  inter- 
course with  the  officers  named,  satisfy  me 
that  the  finaiu  ial  affairs  of  the  Societv  have 
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been  very  prudeutly  managed — a  vital  ueecs- 
sity  in  thest:  times,  when  so  many  institu- 
tions, as  well  as  individuals,  are  struggling 
for  existence.  Could  the  Society  own  a  suit- 
able building  for  its  meetings,  library,  and 
other  purposes,  it  would,  no  doubt.be  greatly 
relieved  from  restrictions  that  limit  its  use- 
fuluess.  But,  uuder  present  circumstances, 
it  would  seem  almost  a  mockery  to  suggest 
such  a  thing  ;  yet  we  believe  the  dawn  of 
better  times  is  upon  us.  The  object  is  cer- 
tainly most  worthy,  and  the  failure  of  a  former 
effort  in  the  same  direction  should  not  pre- 
vent the  subject  from  being  kept  constantly 
in  view.  There  are,  no  doubt,  members  of 
the  Society — perhaps  many — who  feel  very 
favorably  disposed  toward  such  an  object, 
who  cannot  at  i:ireBent  contribute  anytl'ing, 
but  who  will,  very  probably,  be  relieved  from 
existing  embarrassments  in  the  near  future. 
Such  persons  might  be  induced  to  follow  a 
custom  so  often  practised  with  regard  to  other 
iustitutiiius — that  is,  to  provide  something 
for  a  building  fund  in  their  wills,  with  the 
intention,  however,  of  being  their  own  execu- 
tors as  soon  as  circumstances  wil!  permit. 
■Others — and  it  is  believed  there  are  at  least  a 


few  such — are  abundantly  able  to  give  now, 
and  would  willingly  do  so  if  they  felt  assured 
their  contribution  wou-ld  be  put  into  the 
hands  of  such  a  responsible  and  permanent 
board  or  commission  as  would  secure  tin: 
faithful  application  of  their  funds — or  return- 
ed to  them  or  their  heirs,  in  case  a  suilicieut 
amoun   should  not  be  raised  for  the  pvirposc. 

The  same  causes  that  have  prevented  me 
from  attending  the  meetings  of  the  Society 
have  also  prevented  me  from  making  myself 
sufficiently  acquainted  with  the  general  con- 
dition and  j)rogress  of  Civil  Engineering  in 
this  and  other  countries  to  enable  me  to  pre- 
sent the  subject  in  a  satisfactory  manner.  To 
simply  repeat  what  others  have  already  said 
on  the  subject  would  not  be  worthy  of  your 
time. 

Allow  me,  gentlemen,  to  express  not  only 
my  heartiest  wishes  for  the  prosperity  and 
usefulness  of  the  Society  and  for  the  happi- 
ness of  its  members,  but  my  belief  that  it  is 
to  participate  in  the  achievements  and  honors 
that  await  our  profession  in  the  early  future. 
With  great  respect, 

E.    S.    CHESBIiOtTCU. 


MEMOIRS  OF  DECEASED  MEMBERS. 


CHARLES  RI1)(;ELY  8CH0TT,*  Moiiiber  A.  S.  C.  E. 

Died  July  9th,  1878. 

Charles  Kidgely  Scliott,  Avas  Lorn  in  Baltimore,  Maryland,  on  Novem- 
ber 11th,  184:7.  He  graduated  at  the  Rensselaer  Polytechnic  Institute, 
as  Civil  Engineer  in  1868,  and  was  immediately  appointed  Assistant 
Engineer  on  the  Hannibal  and  St.  Joseph  Railroad,  in  which  position 
lie  was  engaged  on  a  variety  of  construction  and  other  work  until  Fel)- 
ruary,  1809,  when  he  Avas  promoted  to  the  charge  of  a  division,  includ- 
ing the  (.^)iiincy  Bridge  across  the  Mississii:)pi  river.  In  June,  1870,  he 
left  this  ijosition  in  consequence  of  malarial  fever  and  Avas  engaged  as 
an  Assistant  Engineer  on  the  Kansas  Pacific  Railroad,  in  topographical 
work  and  construction  until  February,  1871,  Avhen  he  Avas  transferred  to 
the  charge  of  the  Chief  Engineer's  office  at  Lawrence. 

Returning  to  the  East  shortly  after,  he  Avas  in  the  employ  of  the 
Boston  Eranklinite  Company  until  August,  1871,  Avlien  he  Avas  appointed 


*  Committee  to  prepare  memoir,  J.  James  R.  Croes  and  John  Bogart. 
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an  Assistant  Engineer  in  the  Topograxjliical  Bnreaii  of  the  Department, 
of  Public  Parks.  During  his  service  in  this  position  he  conducted  a 
very  thorough  trianguh^tion  of  the  Harlem  river  and  Spnyten  Duyvil 
Creek,  and  was  also  engaged  on  the  topographical  surveys  of  the  terri- 
tory since  annexed  to  the  City  of  New  York. 

In  June,  1874,  he  was  promoted  to  the  position  of  Division  Engineer, 
and  after  December,  1875,  was  virtually  the  principal  assistant  on  the 
work  of  laying  oiit  streets,  etc. 

The  gradixal  advances  of  pulmonary  disease,  which  was  hereditary  in 
his  family,  compelled  him  to  relinquish  active  duty  in  his  ofldce  in  Janu- 
ary, 1878,  and  at  length  terminated  his  life  on  the  9th  day  of  July,  1878.. 

In  all  the  positions  to  which  he  was  assigned,  Mr.  Schott  won  the 
respect  and  regard  of  his  superiors  by  his  strict  attention  to  his  duties 
and  the  more  than  ordinary  intelligence  displayed  in  their  performance. 
These  qualities,  in  addition  to  the  strict  integrity  of  his  character,  seemed 
to  give  promise  of  his  attaining  a  prominent  rank  in  the  profession,. 
when  his  career  was  brought  to  an  untimely  end  by  disease. 

Mr.  Schott  was  elected  a  member  of  the  Society,  April  1st,  1874. 


LIST  OF  NEW  BOOKS  ON 

ENaiNEERING^    AND    TECHNOLOOY 


Architecture.  Palliser's  Model  Houses,  v.ith 
designs  for  dwellings,  barn,  hennery,  stable, 
carriage-house,  school-house,  bank,  library, 
towu-hall  and  three  churches.  2d  ed.  rev. 
8vo,  illus.  Bridgei^ort,  Conn.  PaUiser  t& 
Co.     $1.00. 

Building  Construction  —  Masonry.  R.  Scott 
Burn.  Loudon,  2  vols.  Test.  2s.  6d. 
Plates,  5s.     Collins. 

Carpentry.   R.  Scott  Burn.    London. 

2  vols.    Text,  2s  6d.     Plates,  4s.     Cnllins 

Campaign  oi  1776  around  New  York  and 
Brooklyn,  with  circumstantial  account  of 
the  battle  of  Long  Island.  H.  P.  Johnston. 
Brooklyn,  N.  Y.  8vo.  6  maps,  4  por. 
Long  Island  Historical  Society.     $4.00. 

Carriage  Act  —  Metropolitan  Public,  1869  (32 
and  33  Vict.  c.  115),  and  Order  made  by  the 
Secretary  of  State,  10th  March,  1871  ;  to- 
gether with  Abstract  of  Laws  relating  to 
Proprietors,  Drivers,  and  Conductors  of 
Public  Carriages,  and  Penalties  for  Miscon- 
duct. With  Appendix  of  Additional  Statutes, 
&c.,  and  Copious  Index.  Fcap.,  8vo. 
London.     Guvernment  I'ublicatinn.     4d. 

Casting  and  Founding,  Practical  tr-^atise  on 

iucl.  descriptions  of  modern 

machinery  employed.  N  E.  Spretson. 
London  and  New  York.  Svo,  lUus.  Spun. 
$7.00. 

Ceramic  Art,  a  compendium  of  the  history  and 
manufacture  of  pottery  and  porcelain.  J.  J. 
Young.  New  York.  8vo,  illus.  Harpers. 
$5.00. 

Colleges,   American  —  :    their   students   and 


their  work.  C.  F.  Thwing.  New  York.. 
16mo,     Putnams.     $1.00. 

The  American and  the  American 

Public  ;  with  afterthoughts  on  College  and 
School  Education.  Noah  Porter.  New 
York.     12mo.     Stribners.     $1.50. 

Conferences  held  in  connection  with  the 
Special  Loan  Collection  of  Scientific  Appa- 
ratus. 1876  ;  Chemistry.  Biology,  Physical 
Geography,  Geology,  Mineralogy  and  Me- 
teorology (South  Kensington  Museum). 
Post,  Svo.    London.    Chapman  d-  Hall.     6s. 

Conterencps  Held  in  Connection  with  the 
Special  Loan  (  ollection  ot  Scientific  Appa- 
ratus. 1876;  Physics  and  Mechanics  (South 
Kensington  Museum).  PostSvo.  London. 
C/ia//man  <£•  Hall.     6s. 

Crystallography.  H.  P.  Gurney.  London. 
8vo,  illus.     Soc.  J'rom.  Chris.  Know.    Is. 

Cyclopedia,  Domestic  of  practii  al  in-^ 

formation.  T.  S.  Goodholme.  New  York 
8vo,  illus.     H.  Holt  &  Co.     S5  00. 

Drawmg,  Elementary  course  of  Geometrical 

George  L.Vose.     Boston,     4to,  illus. 

Let  (C  Shepard.     $5.00. 

Enginf  s.  Examples  of  Steam,  Air,  and' 
Cias  Engines  of  the  most  Approved  Types, 
as  Employed  in  Mines,  Factories.  Steam 
Navigation,  Railways,  and  Agriculture. 
Practically  Described.  With  an  Account  of 
all  the  Principal  Projects  for  the  Production 
of  motive  Power  from  Heat  which  have 
been  propounded  in  different  Times  and 
Countries.  54  Plates,  and  356  Woodcuts. 
John  Bourne.  London.  4to.  Longmans.  70s,. 
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Ciii'yclopicdia  —  Analysis  of  ZoU'g .  T. 

W.  McCliiitock.  Philadelpliia.  Fol.  Zetl, 
Davis  (£•  Co.     $2.50. 

Governor.  Tbe .     Sir  T.  Elyot.     Edited 

with  notes,  glossary,  &c..,  by  Herbert  Crolt. 
London.  2  vols.  Small  ito.  C.  K  Paul  it: 
Co. 

Hinhwiys  and  Bridges,  Chambers  (G.  F.) 
The  Law  relatiui^  to — bciu;;  the  Statutes  in 
full,  and  Brief  Notes  of  700  Leading  Cases, 
in  a  convenient  form  for  reference,  For 
use  of  Officers  of  Municipal  Corporations, 
Local  Boards,  and  Highway  Boards,  and  of 
Justices'  Clerks.  To  wliich  is  added  the 
Law  r-='lating  to  Lighting  of  Rural  Parishes 
under  the  "Lighting  Act,  1833."  G.  F. 
Chambers.  London.  8vo.  Stevens  &  Sons. 
18s. 

Machine  Construction.  Edward  TomUins, 
edited  by  Henry  Evers,  London.  2  vols. 
Text.  3s.  6d.     Plates  7s.     Collins. 

Mechanic.  The  Universal  Assistant  and  com- 

j)lete .R.Moore.     New  York.     12mo. 

illus.     Albert  Cogswell.     $2.50 

Military  Sketching  and  Reconnoissance — by 
Lieut.  Col.  F.  J.  Hutchison  and  Capt.  H.  G. 
Macgregor — (being  Vol.  I,  of  Military  Hand- 
books for  Officers  edited  by  Lieut.  Col.  C. 
B.  Brackeubury.  R.  A.)  Loudon.  Small 
Svo.     C.  K.  JFaiil  d-  Co.  6s. 

Mineral  Statistics  of  the  United  Kingdom  for 
1877.  Memoirs  of  the  Geological  Survey. 
R.  Hunt.     London  Svo.     Longmans.  2s. 

Newspaper- — American  directory  with 

li.sts  of  all  the  newspapers  and  periodicals 
published  in  the  U.  S  ,  territories,  Canada 
and  Newfoundland;  with  description  of  the 
towns  and  cities  in  which  they  are  published. 
October,  1878.  New  York.  Svo.  G.  P. 
Rowell  d;  Co.     $0..5O. 


Oxford.  Its  Social  and  Intellectual  Life. 
With  remarks  and  Hints  on  Expenses,  the 
Examination,  the  Selection  of  Books,  etc. 
Algernon  M.  M.  Stedman.  NewY^ork  12mo. 
Scrib7ier  <£■    Wei  ford.     $3.75. 

Paris  International  Exhibition,  1878;  Coal 
and  Iron  in  all  Countries  of  the  World. 
Compiled  from  Official  Sources,  and  with 
the  assistance  of  eminent  living  Authori- 
ties.   Job  Peohar.  London.   Svo.  Heywood. 

■)S. 

Steam  Boilers ;  their  strength,  constrijction 
and  economical  working.  Robert  Wilson. 
London.  5th  ed.  12mo.  illus.  Crosby  Lock- 
wood  <£•  Co.     6s. 

Steam  Engine.  A  Cmrse  of  Lectures  on  the 
Steam  Engine,  Delivered  to  the  Students 
of  Dynamical  Engineering  in  the  Univer- 
sity of  Pennsylvania.  By  Wm.  D.  Marks, 
Whitney-Professor  of  Dynamical  Engineer- 
ing. Philadelphia,  12mo.  illus.  Lippincotl . 
(Announcement.) 

Surveying— Howard  (W.  F.)Practice  of  Un- 
derground Surveying  and  Advocacy  of 
Contoured  Mining  Plans,  &c.  With  5  tables 
and  Diagram.  W.  F.  Howard.  London. 
8vo.     Spans.    2s. 

Telegraph--Handbook  of  the  Electro-Magnetic 
Telegraph.  A.  E.  Loring.  New  York. 
ISmo.      Van  Nostrand.     $0.50. 

Water  and  Water  Supply,  chiefly  in  reference 
to  the  British  Islands.  Surface  Waters.  D. 
T.  Ansted.  London.  Svo.  W.  H.  Allen. 
18s. 

Zuyder  Zee — The  dead  cities  of  Holland. 
Henry  Havard.  Trans,  by  A  Wood.  New 
York.  12mo.  illus.  Scribner  &  Wei  ford. 
$3.00. 


ANNOUNCEMJENTS. 


The  following  i-esolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society,  and 
■  ordered  printed  regularly  in  the  Society  pub- 
lications; 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad; 
and  whereas,  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
familiar  to  all,  by  comparison: 

Resolved,  That  Members  be  requested,  in 

papers  hereafter  iiresented  to  the  Society,  to 

write,  in  parenthesis,  weights  or  dimensions 

by  the  metric  system, in  connection  with  those 

•  of  the  system  in  general  use. 


The  House  of  the  Society  is  at  lOi  Ea.st 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram- 
ercy  Park.  It  is  open  from  nine  o'clock 
A.  M.  to  five  o'clock  p.  m.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  p.  M. 

The  Library  and  Conversation  Room.s  will 
also,  for  the  present,  be  open  every  Thursday 
evening,  from  7J  to  10  p.m.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals  and  for 
conversation. 


mlmx    nocklii  of  A^wW  jfngincciT), 


FROCEEDIN^aS. 


Vol.   IV.,   September,    1878. 

(Up  to  December  18th.) 


MINUTES    OF    MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

NovEMBEE  20th,  1878.— The  Society  met  at  8  p.  m.,  W.  H.  Paine  iu 
the  chair. 

A  paper  entitled  "Submarine  Telei:)honing,"  by  Charles  W.  Eay- 
moncl,  was  read  by  the  author,  and  discussed  by  Messrs.  G.  S.  Greene, 
Jr.,  Collingwood  and  Dresser. 

A  paper,  by  John  Bogart,  giving  the  results  of  enquiries  addressed  to 
engineeis  of  railways  in  Great  Britain  as  to  the  "  Construction  of  Per- 
manent Way,"  was  read  by  the  author,  and  discussed  by  Messrs. 
Andrew.s,  J.  C.  Campbell,  Chanute,  Collingwood,  Dresser,  A.  Fink, 
G.  S.  Greene,  Jr.,  Ha.swell,  Macdonald,  W.  H.  Puine  and  Worthen. 

December  4th,  1878. — The  Society  met  at  8  p.  ji. ,  Vice-President 
Roberts  in  the  chair. 

The  ballots  upon  admission  to  membership  w(  re  canvassed  and  the 
following  candidates  were  declared  elected:  as  members,  James  E. 
Childs,  of  Eochester,  N.  Y.,  and  Malcolm  S.  Greeuough,  of  Boston, 
Mass.  ;  as  Junior,  Christopher  L.  Gates,  of  Milwaukee,  Wis. 
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A  paper,  by  D.  McN.  Stauffer,  entitled  "The  use  of  Compressed  Air 
iu  Tubular  Foundations,  and  its  application  at  South  Street  Bridge, 
Philadelphia,"  was  read  by  the  Secretary,  and  discussed  by  Messrs. 
Collingwood,  Dresser,  Macdonald,  Eoberts,  Searles  and  Striedinger. 

DecejVibek  18th,  1878. — The  Society  met  at  8  p.  m.,  W.  H.  Paine  in 
the  chair. 

A  paper,  jsresented  at  the  annual  meeting,  as  part  of  the  Rej^ort  of 
the  Committee  on  Resistances  of  Trains,  giving  a  record  of  the  evapora- 
tive efficiency  of  certain  locomotives  as  calculated  by  P.  H.  Dudley,  was 
read,  and  discussed  by  Messrs.  J.  C.  Campbell,  Cooj)er,  Forney,  Haswell, 
Leverich,  W.  H.  Paine  and  Wortheu. 


OF  THE  BOARD  OF  DIRECTION. 

NovEMBEK  12th,  1878. — The  Board  met,  organized,  and  the  following 
standing  committees  were  appointed  : 

On  Finance  :  William  H.  Paine,  C.  Vandervoort  Smith,  George  S. 
Greene. 

On  Library  :  Albert  Fink,  J.  J.  R.  Croes,  Thomas  C.  Clarke. 

December  4th,  1878. — Applications  for  membership  were  considered. 
Business  was  transacted  in  reference  to  arrears  of  dues.  Appropriations 
were  made. 


LIST  OF  NEW  BOOKS  ON 

ENGINEERINa    AND    TECHNOLOaY. 


Astronomy.    R.  S.   Ball.     Specially  revised  the    Thames     Embankment.    1877-78.      3 

for   America  by   Simon  Newcomb.      New  Plates,  2  Diagrams.     Copy  of  the  Memorial 

York.     IGmo.     Unit  £  Co.     $0.(iO  Deposited  in  the  Pedestal  of  the  Cleopatra 

Books.     On  the  right  use  of  them.     Prof.  W.  Needle,  September  12th.  1878.     Imp.  4to. 

P.  Atkinson.    Boston,    lijmo,  Jioberis  liro's.  Engineering  Office.     Is. 

$0..50.  Coal  Mine  Explosions.     John  Higson.    Lon- 

Bridge    and    Roof    Construction.     Karl  von  don.     Svo.     Ueywood      7s.  6d. 

Uitter.    Trans,  by  Lieut.  Sankey.    Loudon.  Coal  Mine  Gases  and  Ventilation.     J.  Miller. 

Spoil.     (Announcement.)  Loudon.     Post  8vo.     Longmans.     10s.  6d. 

Cabinet-Maker  ;    the  practical : ;  Electricity  aud  Magnetism.  Fleeniing  Jeukin. 

a  collection  of  working   drawings  with  ex-  London.  Fourth  Ed.,  with  Appendix  on  the 

planatory  notes.  London.  Svo.  Wipnan.^.  4s.  Telephone   and    Microphone.     Small  Svo, 

Chart  of    the  World,  showing  the   Zno-Geo-  diagrams.     Lnngmans.     3s.  Gd. 

graphical  Regions  according  to  All  red  Bus-  Electric    Lighting:    its    State  and   Progress, 

sell  Wallace.     By  Dr.  Andrew  Wilson.    .Size  and  its  probable   iniluence  upon  the  Gas 

.50  by  42  inches.     Price,  with  Handbook,  on  Interests.       John    T.    Sprague.      London. 

rollers,  varnished,  128.     M'.  (t  A.  K.  John-  8vo.     SiMns.     Is. 

ston,  Edinburgh  and  London.  Friction    and    Lubrication,     with    new    de- 
Chemical  Qualitative  Analysis;  ashort  course,  terminations  of  I^aws  and    of    co-efficients 
Prof.   John    H.    Appleton.       Philadelphia.  of      Friction      by     new     methods      and 
12nio.     Cowperlhwait  d:  Co.     $0.90  with   new  Apparatus.      Robert  H.   Thurs- 

Oleopatra  Needle  (The):  Its    Transport  from  ton.    New  York.     12mo.     Kailroad  Gazette. 

Alexandria  to  London,  and  its  Erection  on  $1.50. 
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Health  Manuals.     London.     Each  8vo.     Soc. 
Prom .  C.  K. : 
On  Personal  care  of  Health.  E.  A.  Parkes, 

Is. 
Food.     Albert  J.  Bernays.     Is. 
Water.    Ah-  and  Disinfectants.       W.    N. 

Hartley.     Is. 
Health  and  Occupations.     B.  W.  Kichard- 
sou.     Is. 

Hydraulics.  Work  done  by.  and  power  re- 
quired lor  fire  streams;  together  with  tables 
and  information  rel.  to  hydraulics.  Spring- 
field, Mass.  G.  A.  £Uis,  16mo,  tucks. 
$1.75. 

Hydrostatics  and  Pneumatics.  Philip  Mag- 
nus. (Loudon  Science  Class  Books.)  18mo. 
Longman  .     Is.  6l1. 

Industries,  British  Manufacturing  Industries, 
Metallic  Mining.  New  ed.  12mo.  Lon- 
don.    Stainfird.    3s.  6d. 

Life  Insurance,  algebraic  discussions  of  the 
principles  upon  which  calculations  of  legal 
net  money  values  in  i  he  business  are  based. 
G.  W.  Smith,  New  York.  8vo.  Van 
Nostrand.     $0.'25. 

Locomotive  Eugiues:  Embodying  the  Modern 
Practice  of  Locomotive  Engineering.  D. 
Kinnear  Clark.  Being  an  Ei?largement  of 
Dempsey's  Treatise.  London.  Crosby, 
Lockwood  <C  Co.     (Announcement.) 

London.  Account  of  the  Great  Buildings  of 
London.  Historical  and  Descriptive.  N. 
D'Auvres.  Autotvpe,  illus.  M.  Ward  k. 
Co.     6s. 

Masonry  and  stone  cutting.  Kudiments  of — 
E.  Dobson.  (Weales  Series)  New  Ed. 
London.  12mo.  illus.  Crosby.  Lockivood  <£■ 
Co.    2s.  Gd. 

Microscope,  half  hours  with  the 14th  ed. 

With  Chapter  on  the  Polariscope  by  F. 
Kitton,  and  illustrations  by  Tufl'enWest. 
E.  Lankester,  London.  12mo.  Hardwicke 
cC-  BoQue.     2s.  Cd. 

Mississippi  River.  Review  of  Humphrey's 
and  Abbot's  rep.  on  the  physics  and  hy- 
drauUcs  of  the  Mississippi  river.  Jas.  B, 
Eads,  New  York.  8vo.  Van  Nostrand. 
$0.25. 

Ornament:  Polychromatic.  100  plates  in  gold, 
silver  and  colors.  Comprising  upwards  of 
two  thousand  specimens  of  the  various 
styles  of  Ancient,  Oriental  and  Mediteval 
Art,  and  including  the  Renaissance  and  17th 
18th  Centuries.  With  explanatory  descrip- 
tion to  each  plate,  and  a  General  History  of 
tlie  Art  of  Ornamentation.  A.  Eacinet, 
London.  Folio  illus.  //,  Soiheran  <£■  Co. 
£6.  6s. 

•Painting.  By  Messrs.  Crosby,  Lockwood  & 
Co.  School  of  Painting  for  the  Imitation  of 
Woods  and  Marbles,  as  taught  and  practiced 
by  A.  R.  and  P.  Van  der  Burg,  Directors  of 
the  Rotterdam  Painting  Institution,  London 
Crosby.  Lockwnnd  <C  Co.     (Announcement  ) 

Tublic  Works  of  East  India.  Report  of  select 
Committee,  with  evidence.  Parliamentary 
Publication.     53.  (id. 

Pyrotechnists'  Treasury;  or  complete  art  of 
majjing fireworks.  Thomas  Kentish.  Lon- 
doQ.  Crown  8vo.  illus.  Plates.  C/iatto  <£ 
Windus.    is.  6d. 

Railway  Accidents.  Returns  for  half  year  to 
June,  1878.  London.  Government  Publi- 
cation.    Is.  3d. 

JRailways  in  East  India;  Danvers'  Report, 
1877-78.  London.  Parliamentary  Publica- 
tion.    2s. 


Railway  Ticket  System.  To  Whom  are  We 
indebted  for  the  Railway  Ticket  System. 
Reprinted  from  the  "  English  Mechanic 
and  World  of  Science,"  Aug.,  1878.  Black- 
lock.     (Manchester)      6d. 

Rule — Spiral  Slide.  Equivalent  to  a  Straight 
Slide  Rule,  83  feet  4  inches  long,  or  a  Cir- 
cular Rule  13  feet  3  inches  in  Diameter 
(patent).  Fcap.  George  Fuller.  London. 
Spans.    6d. 

Scientific  Discovery.     The  art  of G.  Gore. 

Loudon  Crown.  8vo.  Longmans.  15s. 

Science.     Pleasant  ways    in Richard  A. 

Proctor.  London.  Crown  8vo.  Chatto  d: 
Windus.     lUs.  6d. 

Signals— The  Morse    Universal  Flashing 

For  use  with  the  Commercial  Code  Signal 
Book  in  Foggy  Weather,  by  means  of  a 
Single  Lantern  only.  With  twenty-one 
handy  Night-Towing  Signals.  S.  R.  Elson. 
8vo.     TJiacker  (Calcutta).  Is.  Os. 

Steam  Engine.  The  Relative  Proportions  of 
the  Steam  Engine.  A  course  of  Lectures 
on  the  Steam  Engine,  delivered  to  the  Stu- 
dents of  Dynamical  Engineering  in  the 
University  of  Pennsylvania.  William  D. 
Marks,  Whitney.  Profes.sor  of  Dynamical 
Engineering.  Philadelphia,  12mo,  illus. 
Lippincott.     S 1 .  50 . 

.     Text  Book  on  the 

T.  M.  Goodeve.  London,  8vo,  illus.  Cros- 
by, Lockn'ood  £  Co . 

Submariue  Warfare,  offensive  and  defensive, 
with  discussion  of  the  offensive  torpedo 
system,  its  effects  upon  iron-clad  ship 
systems,  and  its  influence  upon  future 
naval  wars.  Lt.  Com.  J.  S.  Barnes,  U.  S. 
N.  New  York,  8vo,  illus.  20  plates.  Van 
Xostrand.     $5.00. 

Survey  of  Hull,  Equipments  and  Machinery 
of  Steam  Ships  carrying  jmssengers.  New 
ed.  1878.     Loudon,  8vo.     Pewlre.^s.    Is.  6d. 

Surveyor's  Main  Road  Account  Book,  adapted 
for  Keeping  the  Separate  .\ccounts  of  the 
Maintenance  of  Main  Roads  as  required  by 
the  Highways  and  Locomotives  (Amend- 
ment) Act.  1S7S.  4to,  sd.  Le  ch  (Wisbech). 
Simpkin  (London).    4s. 

Tempering  Scale.  Color  Tempering  Scale, 
printed  in  colors,  by  the  aid  of  which  any 
one  can  accurately  temper  any  tool.  Full 
instructions  on  Hirdening  and  Tempering 
by  Joshua  A.  Rose.  How  to  make  the 
Telephone,  Phonograph,  and  Microphone, 
together  with  other  valuable  information 
from  the  late  volumes  of  Scientific  Ameri- 
can.    New  York.     Wiley  d- Sons.     $2.00. 

Vapors,  Report  of  Commission  on  Noxious 
Vapors.     British  Government.     6d. 

Weaving,  The  History  and  Principles  of 
Weaving  by  Hand  and  bj-  Power,  reprinted, 
with  considerable  Additions,  from  "  Engi- 
neering," with  a  Chapter  on  Lace-making 
Machinery,  reprinted  from  the  "  Journal  of 
the  Society  of  Arts."  Alfred  Barlow.  Lon- 
don. 8vo,  illus.     Low.     25s. 

Weaving  by  Hand  and  Power.  The  History 
and  Principles  of.  Alfred  Barlow.  Phila- 
delaphia,  8vo.  Henry  C.  Baird  <£•  Co. 
$10.00. 

Wrinkles  and  Recipes.  Edited  by  Park  Ben- 
jamin, Ph.  D.  Contains,  beside  the  large 
original  collection  of  valuable  trade  recipes 
for  all  classes  of  Mechanics  and  Engineers 
50  new  pages  of  important  wrinkles  and 
trade  secrets.  New  ed.  rev.  and  enl.  New 
York.      Wiley  (t  Sons. 
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ANNOUNCEMENTS. 


Announcement  of  the  publication  of  books, 
paijers  or  articles  by  members  of  this  Society 
is  requested  to  be  made  to  the  Secretary. 

The  annual  meeting  of  the  American  Insti- 
tute of  Mining  Engineers  will  be  held  at 
Baltimore  on  the  third  Tuesday  of  February 
next. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society,  and 
ordered  printed  regularly  in  the  Society  pub- 
lications: 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad, 
and  whereas  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
famili  r  to  all  by  comparison: 

Resolved,  That  members  be  requested,  in 


papers  hereafter  presented  to  the  Society,  to 
write,  iu  parenthesis,  weights  or  dimensions 
by  the  metric  system,  iu  connection  with 
those  of  the  system  iu  general  use. 

The  House  of  the  Society  is  at  104  East 
Twentieth  street,  one  door  from  Fourth 
avenue,  and  near  the  southwest  corner  of 
Gramerey  Park.  It  is  open  from  nine  o'clock 
A.M.  to  iive  o'clock  p.m.  each  business  day, 
except  Saturday,  when  it  is  closed  at  three 
o'clock  1>.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  present,  be  open  every  Thursday 
evening,  from  T}i  lo  10  p.  M.  Members  are 
invited  to  avail  themselves  of  the  oppor- 
tunities afforded  on  Thursday  evenings  both 
for  consultation  of  books  and  periodicals  and 
for  conversation . 


LIST      OF      MEMBERS. 


ADDITIONS. 
MEMBERS. 


Date  of  Election. 

Childs,  James  E Cliicf  Engineer,  Rochester  and  State  lino 

R.  R.,  Rochester,  N.  Y Dec.    4th,    1S87 

Greenough,  Malcolm  S.  ,  r.oston  Gas  Light  Co.,  Boston.  Af.ass. ...         "  " 


Gates,  Christopher  L,  .  .  Ass't  Engineer  Chicago,  Milwaukee  and 

St.  Paul  R.R.,  Milwaukee.  Wis.  .  . . 


RESIGNATIONS. 

Emslie,  Teter  (Member) Oct.  ijch,    1878 

Ford,  James  K.        "       Oct.  12th,   1S78 

Hines,  Dauimiin  S.  " Oct.  loth,   1S78 

DECEASED. 

Reeves,  Samiei.  J.  (Member, l-)ec.  151b,  1878 


murican    mtki^  of  aitiil  }  njinei^rB 


PROCEEDINaS 


Vol.  IV.,   October    November  and    December,    1878. 


MINUTES    OF    MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


[Note. — The  number  of  the  Society  Transactions  issued  at  this  time  is 
consecutively  headed  as  that  for  October.  1878.  The  next  number  will 
be  the  descriptive  memoir  and  statement  made  by  the  Committee  on  the 
exhibit  of  American  Engineering  in  Paris  in  1878,  reported  at  the  Annual 
Meetpig  and  then  ordered  ijublished  in  the  Transactions  of  the  Society. 
Its  length  is  that  of  two  ordinary  numbers,  and  it  will  be  issued  as  for  the 
months  of  November  and  December. 

The  proceedings  have  been  in  fact  brought  up  to  the  end  of  the  year 
1878,  the  minutes  of  all  the  meetings  of  that  year  having  been  printed. 
Below  is  given  a  short  abstract  of  the  proceedings  of  meetings  held  since 
the  beginning  of  the  year.  A  more  detailed  report  will  be  published  in 
the  regular  Proceedings  issued  for  January.] 

At  the  regular  meeting  of  the  Society,  held  January  3d,  1879,  the  vote 
upon  amendments  to  the  Constitution  and  By-Laws  was  canvassed,  and 
the  recommendations  made  at  the  Annual  Meeting  as  to  the  adoption  or 
rejection  of  the  several  amendments  were  in  each  case  carried. 

The  President,  W.  Milnor  Koberts,  announced  that  he  was  about  to 
visit  Bi-azil,  professionally,  and  made  a  short  address.  A  committee  was 
aiDjJointed  and  a  preamble  and  resolutions  reported  by  it  on  the  subject  of 
the  departure  of  the  President  were  adopted. 

At  the  meeting  of  January  15th,  the  subject  of  discussion  was  Resist- 
ances of  Boiling  Stock. 
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At  the  meeting  of  Fobiniary  5tli,  the  ballots  for  place  of  next  Conven- 
tion were  canvassed,  and  it  was  found  that  the  City  of  Cleveland  had  a 
majority  of  the  votes.  William  H.  Bradley,  of  Boston,  and  Hamilton 
Smith,  Jr. ,  of  San  Francisco,  were  elected  members. 

A  pai^er  on  the  Electric  Light  was  read  by  Stephen  Chester. 

At  the  meeting  of  February  19th,  a  paper  on  Gelatine  Dynamite  was. 
read  by  Julius  H.  Striedinger. 


LIST  OF  NEW  BOOKS  ON 

ENGINEERINa    AND    TECHNOLOGY 


Architecture.  A  Handbook  of  FonmTla 
Tables  and  Memoranda  fur  Architectural 
Surveyors  and  others  engaged  in  Building. 
12th  ed.,  re-written  and  enlarged.  John 
Thomas  Hurst.  London.  32mo.  Spons. 
5s. 
Arithmetic.  Intuitive  Calculations,  or  Easy 
and  Compendious  Methods  of  Pertorming 
the  various  Arithmetical  Operations  re- 
quired in  Commercial  and  Business  Trans- 
actions. (Weale's  Series.)  25th  ed  ,  cor- 
rected and  enlarged  by  J.  R.  Young.  Daniel 
O'Gorman.  Loudon.  12mo.  Crosby  Lock- 
wood.     3s.  6d. 

Car  Builder's  Dictionary.  New  York.  8vo. 
Railroad  Gazette    (Auuouncement.)     $1.75. 

Cast  Iron  Pipes.  Eruest  Benedict.  London. 
8vo.     Spons.    6d. 

Centennial  Exhibition.  Official  Report  de- 
scriptive of  the  Grounds  and  Buildings  of 
the  U.  S.  International  Exhibition.  Illus- 
trated with  Views  of  the  Buildings  and  their 
Ground  Plans,  and  tho  Official  Situation 
Plans.     Imperial  8vo.     Lippincott.     S5.00. 

Chemistry.  Elements  of  Modern  Chemistry. 
Ad.  Wiirtz.  Paris.  Trans,  and  Ed.  by  Wm. 
H.  Green.  Philadelphia.  lUus.  Lippincott. 
(Announcement.) 

A  Treatise  on  Chemistry.     Professors 

Roscoe  and  Schorlemmer.  Manchester. 
Vol.  II.  Metals.  Illus.  Appleton.  (Anuouce- 
ment.) 

Coal:  its  History  and  Uses,  by  Professors 
Green,  Mial,  Thorpe,  Riicker  and  Marshall. 
New  York.     Svo.     Macmiilan.     $4. 

The    History    of    Coal;    a   Lecture  at 

Kings  College.  Thomes  Wiltshire.  Lon- 
don.    Svo.     Spans.     Is. 

Mine  Gases.  Ventilation,  and  Gases  in- 
closed in  coal.  J.  W.  Thomas.  London. 
Svo.     Longmans.     10s.  Gd. 

Compressed  air:     Transmission  of  power  by 

.     Rob.  ZaUner.     New  York.     Van 

Nostrand,  Science  Series  No.  40.  Van 
Nostrand.     $0.50. 

Dictionary  of  Scientific  Terms.  William  Ros- 
siter.     London.     Svo,  illus.    Collins.  3s.  Gd. 

Drawing  Instruments.  Treatise  on  Mathe- 
matical   with  hints   on  coloring 

and  drawing.  W.  F.  Stanley,  New  York, 
5th  ed.  Svo,  illus.     Spons.     $2.40. 

Elasticity — from  "  Encyclopedia  Buttanica." 
W.  Thomson.    Edinburgh.    4to.  Black.  4s. 


Electric  Lighting  ;  its  state,  progress  and' 
probable  influence  on  gas  interests.  J.  T- 
Sprague.     New  York.     Svo.     Span.     $0.40. 

on    the    present   state    of ;    J.   N. 

Shoolbred,  London.     Svo.     Hardwicke.  Is. 

Light  ;  its  past  history  and  present  posi- 
tion. T.  C.  Hepworth.  Loudon.  12mo. 
illus.     Routledye.     Is. 

An  Illustrated  Guide  to  its  Produc- 
tion, Cost  and  Practical  Application.  With 
Descriptions  of  the  various  Inventions  now 
before  the  Public.  London.  12mo.  Ward 
and  Lock.    Is. 

Encyclopedia  of  Civil  Engineering  :  Cresy's. 
1  vol.  Svo.  Longman,  London.  Worthington, 
New  York.     $13.50. 

Engineers  ;  Aide-Memoire  for  the  use  of  of- 
ftcers  of  Royal  Engineers.  Compiled  by 
Colonel  A.  C.  Cooke,  C.  B.,  R.  E  ,  with  Con- 
tributions and  Assistance  from  other  Of- 
ficers Vol.  1.  Formula!,  Tables,  Military 
Statistics,  and  Memoranda  lor  the  Field. 
London,  Svo.  Government  Publication.  12s. 
6d. 

Calvert's  Pocket  Book  and  Annual  for 

Engineers,  Mechanics  and  Builders.  Lon- 
don. 12ino.  Heywood.  Is. 

Engines,  Single  and  Compound:  their  relative 
merits.  Portsmouth,  England.  Gri(Jln. 
4s.  Gd 

Field  Engineer.  A  Handy  Book  of  Practice 
in  the  Survey,  Location  and  Track  Work  of 
Railroads.  William  Findlay  Shuuk,  C.  E., 
Chief  Engineer  of  the  Construction  of  the 
Metropolitan  Elevated  R.  R.,  New  York. 
Van  IS'o.'itrand.     (Announcement.) 

Gas.  The  history,  manufacture,  distributiou 
and  economical  consumption  of  coal-gas;  a 
lecture  by  Samuel  Hunter.  Manchester^ 
England.     Svo.     Cornish.     Is 

Gunpowder  aud  Gun  Cotton  ;  notes  on.  Brit- 
ish Govi'rnment  publication,  London.     Is. 

Gun,  ram  aud  torpedo  ;  with  diagrams  and 
illustrations.  Portsmouth,  England.  Griffin. 
Ss.  Gd. 

Hampton  Tracts.  Condensed  Statements  of 
the  Fundamental  Laws  of  Health.  Com- 
prisiug  :  No.  1,  Health  Laws  of  Moses;  No. 
2.  Duty  of  Teachers  ;  No.  3,  Preventable 
Diseases;  No.  4,  Who  Found  Jamie;  No.  5, 
A  Haunted  House.  Edited  by  Stephen 
Smith,  M.D.,  General  S.  C.  Armstrong,  Miss 
H.  W.  Ludlow,  aud  others.   ICmo.  Putnam. 
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New  York.  8c.  per  number;  $5  per  hun- 
dred; $40  per  thousand. 

Heat.  An  elementary  treatise  on  Heat.  Wm. 
Garuett.  2d  ed.,  rev.  aud  enl.  London. 
8vo.     Bell.     3s.  6d. 

Health,  Dangers  to .    A  practical  guide  to 

domestic  sauitary  defects.  T.  P.  Teale. 
London.     Svo.     Churchill.     10s. 

Healthy  Houses.  Fleeming  Jenkins.  Edin- 
burgh.    Svo.    Plates.     Douglas.    'Is.  6d. 

Health  Primers.  Edited  by  eminent  medical 
and  scientific  men  of  Loudon. 

1.  Alcohol,  its  use  and  abuse.     W.  S. 
Greenfield,  M.  D. 

2.  Exercise  and  Training.    C.  H.  Rolfe, 
M.D. 

3.  Premature  Death  ;   its   promotion  or 
prevention. 

4.  The  House  and  its  Surroundings. 
Square  16mo.     Appleton.    New  York.    Each 
$0.40. 

.     Edited  by  J.  Langdon  Down, 

Henrv  Power,  J.  Mortimer-Granville,  aud 
John  Tweedy.  Alcohol,  its  use  and  abuse. 
The  House  and  its  Surrounding.  Exercise 
and  Training.  Premature  Death  ;  its  j)ro- 
motion  and  prevention.  London.  Fools- 
cap. Svo.  (Same  as  above.  EugUsh  edition.) 
Hardwicke  <£•  Bogue.    Each  Is. 

Hydraulic  Engineering.  The  Hempstead 
Storage  Reservoir  of  Brooklyn:  its  eugneer- 
ing  theory  and  results.  Samuel  McElroy. 
New  York.     Svo.     Van  Nostrand .     $0.50. 

Hydrometir,  Manual  of .     2d  ed.,  illus. 

Portsmouth,  England.     Griffin.    3s.  6d. 

Hydrostitics  and  Pneumatics.  P.  Magnus. 
London  Science  Glass-books.  ISmo.  Long- 
man's.    2s. 

Map  Drawing.  A.  Gardiner.  London.  4to. 
Hughes.     Is. 

Mechanics.  Appleton's  Cyclopedia  of  applied 
Mechanics.  New  ed.  Ed.  by  P.  Benjamin. 
New  York.    Appleton.     (Aunouucemeut.) 

Metal  Work  :  A  series  of  more  than  1,200  of 
the  best  Examples  which  have  attracted  at- 
tention at  the  various  luternatiooal  Exhibi- 
tions, with  treatises  on  the  principal  Indus- 
tries which  have  produced  them.  By  G. 
W.  Yapp,  Assistant  Commissioner,  and 
Compiler  of  the  Official  Catnlogues  of 
the  Great  English  International  Exhibition. 
London.    Imp.  4to.     Virtue  db  Co.    £2  5s. 


Mineralogy  and  Lithology,  A  manual.  Prof. 
James  D.Dana.  New  York.  12mo.  Wiley's. 
$2.00. 

New  York  Illustrated.    4to.    Appleton.    $0.60. 

Railways,  Continuous  Brakes.  Return. 
London.  British  Parliamentary  Puhlication. 
6d. 

Science  for  aU.  Edited  by  Robert  Brown. 
Vol.  I.  Illustrated.  London.  Roy.  Svo. 
Cassell.    9d. 

Ship — The  Polyspheric  ship  and  speed  at 
sea.  C.  M.  Ramus.  London.  Svo.  Stan- 
ford.    Is.  Cd. 

The    War    Ships    of   Europe.    Ulus. 

Portsmouth,  England.     Griffin.    10s.  6d. 

Statics  and  Hydrostatics,  Elementary.  J. 
Hamblin  Smith.  London.  Svo.  Riving- 
,     tons.     68. 

Steam  and  Steam  Engines,  Land,  Marine  and 
Locomotive.  Henry  Evers.  3d  ed.,  rev. 
and  enl.  (Collins'  advanced  Science  Series.) 
London.     12mo.     Collins.    3s. 

Steam   Engine  ;  Manual  of  the and 

other  prime  movers.  W.  J.  M.  Rankine. 
9th  ed..  revised  by  W.  J.  Millar.  London, 
Svo.     Griffin.    12s.  6d. 

Steam  Vessels.   Power  and  speed  of 

Calculated  by  rules  adopted  for  vessels  of 
all  types.  W.  Bury.  New  York,  Svo.  Spons. 
$1.40. 

Stevenson.  Life  of  Robert  Stevenson,  Civil 
Engineer.  D.  Stevenson.  New  York,  4to. 
Plates.    Spons      $8.00. 

Surveying — Nautical from    "Alston's 

Seamanship."  Portsmouth,  England. 
Griffin.    2s.  6d. 

Telephone;  the  Speaking  Telephone,  Electric 
Light,  and  other  recent  electrical  inven- 
tions. George  S.  Prescott.  New  edition 
enlarged,  with  illustrated  descriptions  of 
Edison's  inventions.  New  Y'^ork,  Svo,  iUus. 
Appleton.     S4.00. 

Telegraph — Instructions  for  Testing  Tele- 
graph Lines,  and  the  Technical  Ai'range- 
ments  of  Otflces.  Written  on  behalf  of  the 
Government  of  India,  under  the  Orders  of 
the  Director-General  of  Telegraphs  in  India. 
Vol.  I.  L.  Schwendler.  Loudon,  Svo. 
Trubner.     12s. 

The  Telegraph  in  America;  its  pro- 
moters aud  noted  men.  J.D.  Reid.  New 
York,  Svo,  illus.     D^-rby  Bros.     $6.00. 


ADDITIONS  TO 

LIBRARY    AND     MUSEUM. 


From    Administration    des    Ponts   et 
Chausees,  Paris: 
Annales,  September,  October,  November,  De- 
cember, 1S78. 

From    Aeronautical   Society   of   Great 
Britain,  London  ; 
Fred.  W.    Breary.   Hon.  Secretary.     Reports 
from  1866  to  1877,  inclusive. 

From  American  Chemical   Society,   P. 
Cassamajor,  Secretary,  New  York  : 
Proceedings,  Vol.  I.  and  Nos.  1,  2  and  3,  Vol, 
II. 

From  American  Institute  Mining  En- 
gineers, Thomas  M.    Drown,   Secre- 
tary, Easton,  Pa. : 
An  Improved  Universal  Suspended  Hydraulic 
Lift.    J.  A.  Herrick.    Easton,  Pa,    1879. 


Imperfections  in  Surveying  Instruments.  J. 
Hy.  Harden.     Easton,  Pa.     1879. 

New  Determinations  of  the  Coetficients  of 
friction  of  Lubricated  Journals,  and  on  the 
laws  governing  such  friction.  R.  H.  Thurs- 
ton.    Easton,  Pa.     1878. 

Notes  on  the  Result  of  an  Experiment  with 
the  Wheeler  Process  of  combining  Iron  and 
Steel  in  the  head  of  a  Rail.  W.  E.  C.  Coxe, 
Easton,  Pa.     1878. 

Proceedings  of  the  Meeting  at  Lake  George 
aud  Lake  Champlain.     Easton.  Pa.     1878. 

The  Butler  mine  lire  Cut-oflf.  H.  S.  Drinker. 
Easton,  Pa.     1879. 

The  Heat  of  the  Comstock  Mines.  Prof.  J.  A. 
Church.     Easton,  Pa.     1878. 

The  Jenks  Corundum  Mine.  Macon  Co., 
North  Carolina.  B.  W.  Raymond.  Easton, 
Pa.    1878, 


138 


The  Mechanical  work  performed  in  heating  the 
Blast.  Prof.  B.  W.  Frazier,  Easton.  Pa. 
1878. 

From  American  Iron  and  Steel  Institute. 
James  M.  Swank,  Secretary,  Philadel- 
phia : 
Directory  to  the  Iron  and  Steel  Works  in  the 
United  States,  corrected  to  September  Ist, 
1878.     Philadelphia.     1878, 

From  Edward  R.  Andrews.  Boston  : 
The  Teredo  and  its  depredations.  Extract 
from  the  Archives  of  Holland.  Vol.  1. 
Translated  by  Edward  R.  Andrews.  New 
York.  1878.  (Copies  for  Distribution.) 
Two  Photographs  of  a  Creosoted  Railway 
Sleeper,  twenty  years  in  use  on  the  North 
Eastern    Railway    of    England. 

From  Argentine  Scientific  Society.     D. 
Felix   Amoretti,   Secretary,    Buenos 
Ayres  : 
Annals  of  the  Society.    August,  October,  No- 
vember, 1878. 

From    Austrian   Society  of  Engineers. 
E.  R.  Leouhardt,  Secretary,  Vienna  : 
Wochenschrift  and  Zeitschrift  of  the  Society, 
from  March  to  June,  1878,  inclusive. 

From  John  W.  Bacon,  Danbury,  Conn. : 
Twenty-sixth  Annual  Report  of  the  Railroad 
Commissioners   of  Connecticut.     Hartford, 
Conn.     1878. 

From   Gen.   John  G.  Barnard,  U.  S.  A., 
New  York  ; 
Report  of  the  Board  of  Officers  appointed  to 
examine  the  works  in  progress  of  construct- 
ion by  James  B.  Eads,  at  the  mouth  of  the 
Mississippi  River.     Washington.     1879. 
From  Gen.  S.  V.  Benet,  thief  of  Ord- 
nance, U.  S.  A.,  Washington  : 
Annual   Report   of  the   Chief   of    Ordnance, 
1878.     Washington.     1878. 

From  Charles  E.  Billin,  Philadelphia  : 
Report  of  Progress  in  the  Juniata  District,  on 
the  Fossil  iron  ore,  beds  of  middle  Pennsyl- 
vania.    John     H.    Dewees.     Harrisburgh, 
Pa.     1878. 

From  Boston  Public  Library: 
Bulletin  of  Library.     October.  1878.     Boston. 
From  British  Board  of  Trade,  London  : 
British  Trade  Journal.     September  let,  1878. 
London. 

From  W.  D.  Bullock,  Pawtucket,  R.  I.: 
Lithograph,  Corliss'  Pumping  Engine.    New 
York.     1878. 

From  Bureau  of  Education,  Washing- 
ton : 
The  training  of  Teachers  in  Germany.  Wash- 
ington.   1878. 

From  Bureau  of  Navigation,    Washing- 
ton : 
The  American  Ephemeris  and  Nautical  Alma- 
nac, for  the  year  1881.    Washington.     1878. 
From  Hon.  Allan  Campbell,  New  York: 
Reports  of  the  Department  of  Public  Works, 
of  the  City  of  New  York.     Quarters  ending 
June  oOth  and  September  aoth,  1878.    Allan 
Campbell,  New  York  1878. 

From  E.  S.  Chesbrough.    Chicago. 
Second  Annual  Report  of  the  Department  of 
Public  Works  of  Chicago.  E.  S.  Chesbrough. 
Chicago.     1878. 

From  Civil  Engineers  Club  of  the 
Northwest.  L.  P.  Blorehouse,  Secre- 
,tarj.    Chicago; 


Economical  Height  and  minimum  material  in 
Bridges  of  various  designs.  O.  H.  Tutton. 
Chicago.     1878. 

On  the  Improvement  of  Prairie  Roads  and 
Streets.     T.  J.  Nicoll.     Chicago.    1878. 

From  Francis  J.  Cisneros,  Puerto  Ber- 
rio,  U.  S.  of  Colombia; 

Report  on  the  Construction  of  the  Antioquia 
Railroad.  F.  J.  Cisneros.  New  York. 
1878. 

Report  on  the  Construction  of  the  Cauca  Rail- 
way. (U.  S.  Colombia).  F.  J.  Cisneros. 
New  York.     1878. 

From  H.  Wadsworth  Clarke,  Syracuse, 
N.  Y. 
Mayor's  inaugural  address  and  reports  of  De- 
partment of  the  City  of  Syracuse.     1877-78. 
Syracuse.     1878. 
Report    of   the    Pennsylvania  Board   of  the 
Pennsylvania,    Ohio    and    West    Virginia. 
Boundary  Commission  for  1878.     Harria- 
burg.     1879. 

From  Commissioners  of  Second  Geolo- 
gical Survey  of  Pennsylvania.  W. 
A.  Ingham,  Secretary.  Philadelphia: 

Catalogue  of  the  Geological  Museum.  Chas. 
E.  Hall.     Harrisburg.     1878. 

Report  of  Progress  in  the  Beaver  River  Dis- 
trict of  the  Bituminous  coal  fields  of 
Western  Pennsylvania.  I.  C.  White. 
Harrisburg,  Pa.     1878. 

Report  of  Progress  in  the  Fayette  and  West- 
moreland District  of  the  Bituminous  coal 
fields  of  Western  Pennsylvania.  J.  J. 
Stevenson.     Harrisburg.     1878. 

Report  of  Progress  in  the  Juniata  District,  on 
the  Fossil  Iron  ore  beds  of  middle  Pennsyl- 
vauia.     J.  H.  Dewes.     Harrisburg.    1878. 

Special  report  on  the  Trap  Dykes  aud  Azoic 
Rocks  of  Southeastern  Pennsylvania.  T. 
Sterry  Hunt.     Harrisburg.     1878. 

The  Brown  Hematite  Deiiosits  of  the  Siluro- 
Cambrian  Limestones  of  Lebigh  Co.  F. 
Prime,  Jr.     Harrisburg.     1878. 

Two  hundred  Tables  of  Elevation  above  Tide- 
Level  of  the  Railroad  Stations,  Summits 
and  Tunnels  ;  Canal  locks  and  Dams,  River 
Riffles,  &c.,in  and  around  Pennsylvania. 
Charles  Allen.     Harrisburg.     1878. 

From  J.  D.  Cooke.    Toledo.     Ohio. 

Annual  reports  of  Toledo  Water  Works  from 
1873  to  1877  inclusive. 

From  J.  James  R.  Croes.    New  York: 

An  Act  incorporating  the  Newark,  N.  J. 
Aqueduct  Board.     Newark,  N.  J.     1860. 

Constitution  and  By-laws  of  the  Newark,  N. 
J.  Aqueduct  Board.     Newark,  N.  J.     1860. 

Reports  of  the  Newark,  N.  J.  Aqueduct 
Board  from  1870  to  1877  inclusive. 

Some  notes  on  Sewers.  J.  J.  R.  Croes.  New 
York.     1879. 

From  Joseph  P.  Davis,  Boston: 

Second  Annual  Report  of  the  Boston  Water 
Board,  year  ending  April  30th,  1878. 
Boston.     1878. 

From  C.  P.  Dudley,  Philadelphia: 

The  Chemical  Composition  and  Physical 
Properties  of  Steel  Rails,  aud  does  the 
wearing  power  of  Steel  Rails,  increase  with 
tbe  hardness  of  the  steel?  C.  P.  Dudley, 
Philadelphia.     1878. 

From  H.  T.  Eddy.     New  York: 
A  new  General  Method  in  Gra^ihical  Statics . 
H.   T.  Eddy,  C.  E.  Ph.  D.     New  York. 
1878. 


139 


From  Civil  Enginers  Club  of  Philadel- 
phia.    Charles  E.  Billin,  Secretary. 
Philadelphia: 
Constitution  and  By-laws  of    the    Civil  En- 
gineers Club  of  Philadelphia.  Philadelphia. 
1879. 
Memorial  of  the  Engineers  Club  of  Philadel- 
phia and  Citizens  of  the  State  of  Pennsylva- 
nia to  the  members  of  the  Senate  and  House 
of  the   Representatives.       1878-9.       Phihi- 
deiphia.     1878. 
On  the  proposed  removal  of  Smith's  Island. 

Prof.  L.  M.  Haupt.     New  York.     1878. 
Water   Supply  to  a  Stamp  Mill  iu  Venezuela 
with  notes  on  Kutter's  formula.     Wm.  A. 
Biddle.     New  York.     1878. 

From  Jo8ei:ih  Fales,  Troy,  N.  Y.  : 
Twenty-third   Annual   Report   of    the   Water 
Commissioners  of  Troy.     Troy.     1878. 

From  Charles  E.  Fowler,  New  Haven, 
Conn. : 
Proposal  for  Superstructure  of  Lewis'  Bridge, 
over  Quinnipjac  River,  at  the  crossing  of 
Middletown  Avenue,  between  New  Haven 
and  East  New  Haven,  Conn.  New  Haven, 
Conn.     1878. 

From  Franklin  Institute.  Philadelphia  : 
Journal  of  the  Institute  for  October  and  No- 
vember 1878.     Philadelphia.     1878. 

From  George   H.  Frost,  publisher  En- 
gineering News,  New  Y'ork  : 
Bearing  Piles.     B.  Heriug,  Chicago.     1878. 
Desciiption    of    Boston    Water   Works.    Chi- 
cago.    1878. 
number's  Water  Supply  for  Cities  and  Towns. 
Parts  1,  2,  3.     Chicago.     1878. 

From  Fred,  de  Funiak,  Louisville.  Ky.  : 
Itemized  Statement  of   Car  repairs   and   ex- 
penses   of   Louisville    and    Nashville    and 
South  and   North  Alabama  Railroads,  year 
ending  June  30th.  1878.     Louisville.     1878. 
From  David  M.  Greene.     Troy,  N.  Y'. : 
Twenty-third    Annual    Report    of  the  Water 
Commissioners  of  the  City  of  Troy,  for  the 
year  1877.    Troy.     1878. 

From  George  S.  Greene,  Jr.,  New  Y'ork: 
Annual   Report  of  the  Department  of  Docks, 
City  of  New  York,  1878.    New  York.     1878. 
(4  copies.) 

From  B.  M.  Harrod,  New  Orleans  : 
The  Levees  of  Louisiana— their  condition  and 
requirements.     B.    M.    Harrod.     New    Or- 
leans.    1878.     (3  copies.) 

From    Hartford    Steam   Boiler  Inspec- 
tion and  Insurance  Company,   Hart- 
ford : 
Annual  Reports  for  1877  and  1878. 

From  John  W.  Hill,  Cincinnati  : 
On  the   Explosion  of  the  Steamer   Pat.   Cle- 
burne.    J.  W.  Hill.     New  York.     1878. 

From   Gen.  A.  A.  Humphreys,  Chief  of 
Engineers,     B.    S.    A.,    Washington, 
D.  C.  : 
Statement  showing  Rank,  Duties  and  address 
of    Oificers    of   the    Corps    of    Engineers. 
George  H.  Elliot. 
Annual  Report  on  the  Improvement  of  the 
South     Pass,     showing    condition    of    the 
works,  June  30th,  1878.   Capt.  M.  R.  Brown. 
(Copies  for  distribution.) 
Estimates  of  amount  required  for   the  pro- 
tection from  overflow  of  the  sites  of  fortifi- 
cations on  the  Delaware  River,  and  also  an 
estimate  of  the   cost    of  repairs    at  Sandy 
Hook,  New  Jersey.     William  Ludlow. 


Excessive  damages  awarded  in  cases  arising 
out  of  the  improvement  of  Fox  and  Wis- 
co'.isin  Rivers.  Charles  Devens.  (2  cop- 
ies.) 

Information  in  relation  to  the  improvement 
of  the  channel  and  harbor  of  Mobile  Bay. 
Capt.  A   N.  Damrell.     (2  copies.) 

Information  iu  relation  to  superintendence, 
management  and  repair  of  the  Louisville 
and  Portland  Canal  for  the  year  ending 
Decembing  31st,  1878,  and  fixing  rates  of 
tolls  for  the  current  year.  Gen.  G.  Weitzel. 
(2  copies.) 

Information  as  to  the  results  of  examinations 
of  Westport  Harbor  and  Woods  Hall,  Mass. 
Gen.  G.  K.  Warren.     (2  copies.) 

Information  relating  to  the  surveys  in  the 
territory  west  of  the  Mississipiii  River, 
recommending  appropriations  for  continu- 
ing the  same,  and  transmitting  views  of 
the  Chief  of  Engineers,  concerning  a  report 
of  the  National  Academy  of  Sciences.  (2 
copies.) 

Information  relating  to  the  transfer  by  the 
State  of  Michigan  to  the  United  States,  of 
the  St.  Mary's  Falls  Canal,  Michigan.  Gen. 
G.  Weitzel.     (2  copies.) 

Six  maps  exhibiting  some  of  the  operations 
of  the  Civil  War  : 

(1.)  Atlanta  Campaign  in  five  sheets. 
(2.)  Operations  in  front  of  Atlanta. 
(3.)  Chatanooga. 
(4.)  Franklin. 
(5.)  Knoxville. 

(6.)  Marches   of  the  United   Statee    iorces 
under  Geiieral  Sherman . 

Plans  and  estimates  for  relieving  defects  iu 
the  main  system  of  sewerage  of  Washington 
City.     S.  L.  Phelps.     (2  copies.) 

Report  of  the  Board  of  Engineers  upon  the 
Improvement  of  the  low-water  navigation 
of  the  Mississippi  River  below  Cairo,  111. 
(2  copies. ) 

The  report  of  the  Board  of  OfBcers  appointed 
to  examine  the  works  in  progress  of  con- 
structiou  by  James  B.  Fads,  at  the  mouth 
of  the  Mississippi  River.     (2  copies.) 

Report  on  Bridging  the  Mississippi  River  be- 
tween St.  Paul  and  St.  Louis.  Gen.  G.  K. 
Warren. 

Report  of  Chairman  of  the  Joint  Commission 
for  the  completion  of  the  Washington 
Moniiment,  showing  progress  of  work  and 
amount  of  money  expended.  W.  W.  Cor- 
coran.    (2  copies.) 

Report  of  Chief  of  Engineers  relative  to  Point 
San  Jose  Military  Reservation.  Brig.-Gen. 
A.  A.  Humphreys.     (2  copies.) 

Report  of  the  Chief  of  Engineers  upon  the 
survey  of  the  landing  front  at  Muscatine, 
Iowa.    Maj.  F.  U.  Farquhar.     (2  copies.) 

Report  upon  the  construction  of  a  harbor  of 
refuge  near  Cincinnati.     (2  copies.) 

Reports  on  examinations  of  Big  Sunflower, 
Coldwater  and  Tallahatchie  River,  Miss.; 
of  Upper  Red  River,  La.  and  Tex.,  and  of 
Little  River  and  Fouche  la  Feve  River, 
Arkansas.  Capt.  W.  H.  H.  Benyaurd.  (2 
copies.) 

Report  upon  Improvement  of  Harlem  River. 
Gen.  John  Newton.     (2  copies.) 

Report  on  Missouri  River  near  Glasgow,  Mo. 
Maj.  C.  R.  Suter.     (2  copies.) 

Report  upon  the  Muskingum  River,  Ohio. 
Col.  Wm.  E.  Merrill.     (2  copies.) 

Reports  of  results  of  surveys  of  the  ports  of 
Foulweather.  Port  Orford,  Coos  Bay,  Alsea 
and  Coquille  River,  Oregon.  Col.  John  M. 
Wilson.     (2  copies.) 
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Report  on  the  Scientific  Surveys  of  the  Terri- 
tories made   by  the   National  Academy  of 

Sciences.     O.  C.  Marsh.     (2  copies.) 
Reports  on  the  sources  of  the  Mississippi,  St. 

Croix,    Chiijpewa   and    Wisconsin    Rivers. 

Capt.  C.  J.  Allen.     '3  copies.) 
Report  upon  Staunton  River,  Virginia.     S.  T. 

Abert.     (2  copies.) 
Report  of  a  survey  of  the  bar  at  the  mouth  of 

the   Columbia   River,  Oregon.     Ma.j.  G.  L. 

Gillespie.     (2  copies.) 
Report  of    Survey    of      Connecticut    River. 

Generals  G.  K.  Warren  and  Theo.  G.  Ellis. 

(2  copies.) 
Report  of  the  survey  of  the  Kentucky  River 

and  its   tributaries.     Col.  Wm.  E.  Merrill. 

(2  copies.) 
Report  upon  survey   of    Manasqiian    River, 

New   Jersey.      Gen.    J.    N.   Macomb.      (2 

copies.) 
Report  of  the  surveys  made  of  the  Mississippi 

River,  at  and  near  Alexandria,  Mo.,  and  of 

the  Harbor  of  Quincy,  111.     Maj.  F.  U.  Far- 

quhar.     (2  copies.) 
Report  on  the  survey  of  the  New  River,  Va., 

from  the   Lead   Mines  in   Wythe    County, 

to  the  mouth  of  Wilson  Creek  in  Grayson 

County.     Col.  W.  P.  Craighill.     (2  copies.) 
Report  in  relation  to  the  survey  of  tbe  Red 

River,      Capt.   W.    H.    H.   Benyaurd.       (2 

copies.) 
Report  of  the  survey  of  Shrewsbury  River, 

New  Jersey.     Col.  W.  Ludlow.     (2  copies.) 
Report  on  the  surveys  ot  tbe  Territories.     O. 

C.  Marsh.     (2  copies). 
Reports  on  surveys  of  Tonis  Bayou,  Bayous 

Pierre,    and    Winsey,    and    Lakes   Bayou, 

Pierre     and     Cauasanier,     Louisiana    and 

Bayou   Bartholomew,  Arkansas.     Capt.  W. 

H.  H.  Benyaurd.     (2  copies.) 
The   survey  of    the  Alleghany  River.      Col. 

Wm.  E.  Merrill.     (2  copies.) 
The  Survey  of  Missouri  lUver  at  Cedar  City, 

Mo.     Maj.  C.R  .  Suter.     (2  copies.) 
Title  to  certain  lands  in   the  work  on  Muscle 

Shoals  Canal,  Tennessee  River.     Capt.  W. 

R.  King.     (2  copies.) 
U.  S.  Geologiciil  Exploration  of  the  Fortieth 

parallel.      Systematic     Geology.      Vol.     1. 

Clarence  King. 

From  Institution  of  Civil  Engineers  of 
Ireland.     John  C.  Smith,    Secretary, 
Dublin  : 
By-Laws  and   Regulations  of   the   Institute. 

Dublin,  1874. 

From  Institution  of    Civil   Engineers, 
publications  edited  by  James  i'orrest, 
Secretary,  London,  as  follows  : 
Minutes  of  Proceedings,  Vols.  LIII,  and   LIV. 

London,  1878. 
Abstract  of  papers  in   Foreign   Transactions 

and  Periodicals.     Part  4.     1877-8. 
Bridges  on  the  Punjab  Northern  State  Rail- 
way : 
Ravi  Bridge.     R.  T.  Mallet. 
Alexandra  Bridge.     Henry  Lambert. 
The  Thelum  Bridge.     F.  M.  Avern. 
The  Chalk  Water  Supply  of  Vorkshire.     J.  R. 

Mortimer. 
Coal  Washing  Apparatus  of  Besseges,  France. 

J.  B.  Marsart. 
The  Construction  of  Steam  Boilers  adapted 

for  very  high  pressure.      James   F.  Flan- 

nery. 
The  Design  generally  of  Iron  Bridges  of  very 

large  span  for  railway  traffic.     Thomas  C. 

Clarke. 


Draining  and    Improving    1,500,000  acres  of 

desert  land.     George  Wilson. 
Experiments  on  the  Heights  of  Jets  from  the 
hydrants   of   the   Kingston   Water    Works, 
Jamaica.     Felix  Target. 
Note  on  the  Eddystone  Lighthouse.    James  N. 

Douglas. 
Portland    Cement,    Concrete    in  Arches  and 
Portland  Cement  Mortar.     Charles  Colson. 
Portland  Cement  Concrete.      John  W.  Sande- 

man 
Report   of   the   Proceedings  at    the  Annual 
Meeting  of  the  Institute,    December  18th, 
1878. 
A  Skeleton  Pontoon  Bridge.     B.  W.  Blood. 
The  Victoria,  Albert  and    Chelsea   embank- 
ments of  the  River  Thames.   Edward  Bazal- 
gette. 

From  the  Institution  of  Engineers  and 
Shipbuilders.  W.J.  Millar,  Secretary, 
Glasgow,  Scotland  : 
Transactions  of  the  Institute.  Vol.  XXL,  1878. 
From  the  Institution  of  Mechanical  En- 
gineers. Walter  R.  Browne,  Secretary, 
London; 
Proceedings,  June  and  October,  1878. 

From  John  B.  Jervis,  Rome,  N.  Y.: 
A  Lecture  on  Industrial   Economy.    John  B. 
Jervis.     Rome,  N.  Y.,  1878. 

From  Thomas  H.  Johnson,  Indianapolis, 

Ind. : 

Report  of  Proceedings  of  the  Board  of  State 

House  Commissioners  of  Indianapolis,  from 

date  of  organization,  December  31st,  1878. 

Indianapolis,  1879  (3  coiiies). 

From  John  A.  Judson,  Newport,  R.  I.: 

Map  of  Battle  Grounds  of  August  28th,  29th, 

and  30th.  18G2,  in  the  vicinity  of  Groveton, 

Prince  William  Co.,  Va.     Washington,  1878. 

From  William  Kent,  Pittsburg: 
The  Strength  of  Materials.      Wm.  Kent,  New 
York,  1879. 

From  M.  Ch.  Laboulaye,  Paris  : 
Prospectus  dictionaire   des  Arts  et   Manufac- 
tures et  de  I'Agriculture.      Ch.   Laboulaye. 
Paris,  1878. 

From  Charles  Latimer,  Cleveland,  O. : 
Comparative  Statement  of  Expenses  in  En- 
gineering Department,  Atlantic  and  Great 
Western   Railroad,   June,   1877-78.     Cleve- 
land, 1878.  . 

From  M.  Edward  Lavoinne,  Auxerre, 
France : 
Notice  sur  les  Principaux  systemes  de  Loco- 
motives sans  feu.      E.   Lavoinne.      Paris, 
1878. 

From  E.  D.   Leavitt,  Jr.,  Cambridge- 
Ijort,  Mass. : 
Third  Annual  Report  of  the  Lawrence  Water 
Board.    Lawrence,  1879  (2  copies). 
From  F.  Leypoldt,  New  York  : 
The  Library  Journal,  No.  10,  Vol.  III.,  New 
York,  1.S78. 

From  W.  H.  Lotz,  Chicago  : 
Plain  and  ornamental  Stone  Woik,  Floor  tiling 
and  Cement  sidewalks.   Hall  and  Salisbury, 
Chicago,  1878. 

From  M.  Malezieux,  Paris,  France  : 
Les   Travaux   Publics  aux   Etats  Unis  d'Am- 
erique.      Conference    faite    au    Palais    du 
Trocadero  le  7  Aout,  1878.    M.  Malezieux. 
Paris,  1878. 
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From  W.  J.  McAlpine,  Babylon,  N.  Y. : 
Aunual  Report  of  the  Auditor  of  the  Canal 
Department  on  the  Tolls,  Trade  and  Ton- 
nage of  the  Canals  of  State  of  New  York. 
Georfie  W.  Schuyler.  Albany,  N.  Y.,  1878. 
(Copies  for  distribution.) 

From  Wm.  H.  McFadden.  Philadelphia; 
Annual  Reijoi  t  of  Department  for  supplying 
the  City  of  Philadelphia  with  water-  Phila- 
delphia. 1878. 
Annual  Reports  of  Philadelphia  Water  De- 
partment from  187a  to  1877,  inclusive. 
Philadelphia,  1878. 

From  Niles  Meriwether,  Fayette,  Miss. : 
Third  and  Fourth  Annual  Reports  of  the  of- 
ficers of  the  Tuscumbia,  Courtland  and  De- 
catur R.R.  Co.     Tuscumbia,  Ala.,  1836. 
From  Minister  of  Public  Works.     Mex- 
ico: 
Anales  del  Miuisterlo  de  fomento  de  la  Repub- 
lica  Mexicana.     Mexico,  1878. 

From  George  S.  Morison,  New  Y^ork  : 
The  Forty-first  Annual  Report  of  the  Eastern 

Railroad  Co.     Boston,  1876. 
The  Foriy-third  Annual  Report  of  the  Eastern 
Railroad  Co.     Boston,  1877. 

From  Robert  Moore,  St.  Louis  ; 
The   Mayor's   Message,   with    accompanying 
Documents  to  the   Municipal  Assembly  of 
St.  Louis.     St.  Louis,  1878. 

From  Edward  P.  North,  New  York: 
Atlantic  Giant  Powder  Co.  vs.  George  M.  Mow- 
bray et  al.      Pleadings  and  evidence  in  Cir- 
cuit Court  of  Massachusetts.     Boston,  1876. 
Major-General  Hazen  on  his  post  of  duty  in 
the  great  American  Desert,  reviewed  by  an 
ex-Surveyor-General.     New  York,  1874. 
Sewage  Irrigation  by  Farmers.     R.  W.  Pere- 
grine Birch.     London,  1878. 

From  the  North  of  Eugland  Institute  of 

Mining    and    Mechanical    Engineers, 

Theo.     Wood     Bunuiug,     Secretarj', 

Newcastle-on-Tyue,  England  : 

Transactions  of   the  Institute.      Vol.   XVII. 

1877-8. 
Transactions  of  the  Institute.    June,  July, 
August.   September,    October,    November. 
1878. 

From  John  C.  Palfrey,  Boston  : 
Frizell's    Patent    Air    Compressor.      Boston. 
1878.     (Copies  for  distribution.) 

From  Ernest  Pontzen.  Paris,  France  : 
Fabrique  de  Compteurs  d'Eau.     A.   C.  Span- 
ner.    Vienna.     1878. 

From  the  Portuguese  Society  of  Civil 
Engineers,  Lisbon,  Portugal  : 
Review  of  Public  Works  and  Mines.     August, 
1878. 

From  A.  C.  Rand,  New  York  : 
Rock  Drills  and  Air  Compressors.     RandDrill 
Co.     New  York.     1878. 

From  Charles  W.  Raymond.  New  York: 

Thirteen     Photographs,     illustrating    Boats, 

Dredges,  &c.,  used  in   construction  by  the 

Department  of  Docks  of  the  city  of  New 

York. 

From  John  Reed,  Paterson,  N.  J. : 
Photographs  ot — 

Albany  upper  bridge,  built  by  Leighton 
Bridge  Co.  John  F.  Alden,  Engineer, 
Rochester,  N.  Y.  Springfield  bridge, 
built  by  Leighton  Bridge  Co.  John  F. 
Alden,  Engineer,  Rochester,  N.  Y.  Pas- 
saic River  bridge,  at  Newark,  N.  J.,  built 


by  Delaware  "Bridge  Co.  Chas.  Macdonald, 
Engineer.      New    York.       Raritau    Draw 
bridge,  built  by  Keystone  Bridge  Co.     J. 
H.  Linville,  Consulting   Engineer,   Phila- 
delphia.    Portage  bridge,  built  by  Watson 
Mfg.  Co.       Geo.     S.     Morison     Engineer. 
New  York. 
From  the   Publishers,   Revue  Generale 
des   Chemins  de  fer,  Edgar  Monjean, 
Secretary,  Paris.  France  : 
Revue   Generale  des  Chemins  de  fer,  August, 
September,  October  and  November,  1878. 
From   Francis    Rinecker,    Wuerzburg, 
Germany  : 
Die  Virtuelle  Liinge  unde  ihre  Andwendung 
auf  Bau  und  Betrieb  du  Eisenbahneu.     A. 
Lindner.     Zurich.     1879. 

From  A.  Q.  Ross,  Cincinnati  : 
The   Ross  combined   Steam   Ram   and  Road 
Roller.     Cincinnati,     1875. 

From  the  Royal  United   Service   Insti- 
tution, Capt.   B.   Burgess,    Secretary. 
London,  England  : 
Journal  of  the  Institute.     Vol.  XXII.     1878. 
Index  of  the  Lectures  in  the  Journals,     Vols. 
XI-XX 

From    the  Saxonian   Society   of    Engi- 
neers and  Architects,  Dresden,  Ger- 
many : 
Transactions  of  the  Society,  1878. 

From   J.   Herbert  Shedd,   Providence, 

R  I: 

Report  of  Special  Committee  on  sewerage  of 

the  city  of  Taunton,  with  report   and  pi  o- 

posed    plan.  Taunton,  ,     Mass,        1878. 

(Copies  for  distribution.) 

From     the     Smithsonian     Institution, 
Washington  : 
Annual  Report  of  the  Institution  for  1877. 

From  the  Societe  des  Ingenieurs  Civils, 
Paris,  France  : 
Transactions  of  the  Society.     May  and  June, 
1878. 

From  Thomas  D.  Stetson,  New  Y'ork  : 
Argument  in  behalf  of    Bernard   Ackerman. 
before    ihe    Honorable    Commissioners   of 
Patents,  in  the  case  of  Ackerman  v.i.  Archer. 
Thomas  D.  Stetson.     New  York.     1878. 
From  Thomason  Civil  Eogineering  Col- 
lege,  Major   A.    M.   Brandreth,   Offg. 
Principal.  Roorkee,  India  : 
Professional  Papers   on  Indian  Engineering. 

January,  April,  July  and  October,  1878. 
Index  to  Professional  Papers  on  Indian  Engi- 
neering.    First    Series,   Vols.    I- VII.     Sec- 
ond Series,  Vols.  I-V. 
Catalogue  of  books  printed  and  published  at 
the  Thomason  College  press.     (4  copies , ) 
From  R.  H.  Thurston,  Hoboken.  N.  J.: 
A  History  of  the  growth  of  the  Steam  Ennine. 

Prof,  r",  H.  Thurston .     New  York,     1878. 
Report  on  Cold-rolled  Iron  and  Steel,  as  man- 
ufactured by  the  American  Iron  Works  of 
Pittsburg.     Prof.  R.   H.   Thurston.     Pitts- 
burg.    1878. 

From  Charles  Truesdell,  Syracuse,   N. 
Y.: 
Proposal.     Contract    and    Spe(;ifications    for 
building  a  distributing  Reservoir,  Syracuse 
Water  Works.     Syracuse.     1878. 

From   the   U.  S.  Light   House    Board, 
Washington  : 
Annual  Report  of  the  Light  House  Board  for 
1878.      List    of   Towers,    Beacons,    Buoys 
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stakes  and  other  Day  Marks  in  the  Sixth 
Light  House  District,     (2  copies.) 

List  of  Towers.  Beacons,  Buoys,  Stakes  and 
other  Day  Marks  in  the  Seventh  Light  House 
District.     (5  copies.) 

From  D.  Van  Nostrand,  New  York  : 

Van  Nostrand's  EuKineeriiiK  Ma:;azine.  Oc- 
tober, November  and  December,  1878.  Jan- 
uary. February  and  March,  1879. 

From  Welton  and  Bonnett,  Waterbury, 
Conn  : 

Twelfth  Report  of  Water  Commissioners  of 
the  city  of  Waterbury.  Waterbury,  Conn. 
1879. 

Rules  and  Regulations  made  by  the  Board  of 
Water  Commissioners  of  Waterbury.  Water- 
bury, Conn.     1878, 

From  John  Whitelaw,  Cleveland,  Ohio  : 
Twenty-second    Annual    Report   of  Board  of 
Trustees  of  Cleveland  Water  Works     Cleve- 
land.    1878. 


From  Don  J.Whittemore,  Milwaukee, Wis. ; 

General  Specifications  for  a  wrought-iron 
Railway  Draw  Bridge,  to  be  erected  for  the 
Cbicago,  Milwaukee  and  St.  Paval  Railway 
Co..  over  a  Canal  in  Milwaukee.  Milwaukee. 
1878.     (6  copies) 

From  W.  W.  Wilson,  Yonkers.  N,  Y, 

Sixth  Annual  Report  of  the   Board  of  Water 
Commissioners,  city  of  Yonkers.     Yonkers, 
N.  Y.     1879.  (Copies  for  distribution.) 
From  other  Sources  ; 

The  American  Catalogue.  Vol.  I.  Authors 
and  Titles  :  Part  1.  A — Edwards.  New 
York.     1878. 

Hevuer's  New  Elevated  transmission  Line  or 
System  of  transportation.   New  York,  1878. 

List  of  serial  publications  now  taken  iu  the 
pi'incipal  libraries  of  Bostou  and  Cam- 
bridge.    Cambridge,  Mass.     1878. 

Official  Catalogue  of  the  Main  Building  and 
.\rt  Gallery.  Permanent  Exhibition.  1877. 
Philadelphia.     1877. 


ANNOUNCEMENTS. 


Members  who  desire  to  secure  complete 
sets  of  the  Transactions  of  the  Society  are 
requested  to  send  to  the  Seci-etary  a  hst  of 
the  papers  which  are  needed  to  fill  their  sets. 
Some  of  the  earlier  papers  are  out  of  print. 
If  orders  are  received  for  a  sufficient  number 
to  warrant  the  expense,  a  reprint  will  be  made. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society,  and 
ordered  printed  regularly  in  the  Society  pub- 
lications: 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad; 
aud  whereas,  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
familiar  to  all,  by  comparison: 

Resolved,  That  Members  be  requested,  in 
papers  hereafter  presented  to  the  Society,  to 


write,  in  parenthesis,  weights  or  dimensions 
by  the  metric  system, in  connection  with  those 
of  the  system  in  general  use. 

The  Hou.se  of  the  Society  is  at  104  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram- 
ercy  Park.  It  is  open  from  nine  o'clock 
A.  M.  to  five  o'clock  p.  M.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  p.  M. 

The  Library  and  Conversation  Rooms  will 
also,  for  the  present,  be  open  every  Thursday 
evening,  from  Ih  to  10  p.  m.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals  and  for 
conversation. 


LIST      OF      MEMBERS, 


Date  of  Election . 


ADDITIONS. 
MEMBERS. 

Bradley,  William  H...  .Superintendent   Department   of  Sewers, 

City  Hall,  Boston,  Mass Feb.    5th,    1879 

S.MiTH,  Hamilton,  Jr.  ..  .Civil  and  Mining  Engineer,  San  Fran- 
cisco, Cal "  " 
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Dale  of  Election. 
Sweet,  Elnathan,  Jr.  .  .Div.   Engineer  New  York  State  Canals, 

Albany,  N.  Y Nov.   6th,    iSy^S 


CHANGES    AND   CORRECTIONS. 
MEMBERS. 

Campbell,  John  C 715  Madison  avenue,  New  York. 

Chester,  Stephen 108  Liberty  street.  New  York. 

Chittenden,  Samuel  H..Ass't  U.  S.  Engineer,  Elk  River  Shoals,  Wheeler,  Law. 

rence  Co.,  Ala. 

Frost,  B.  D Littleton,  Mass. 

Graham,  Charles  K.  . .  .Surveyor  Port  of  New  York,  Custom  House,  New  York. 

Harris,  Robert  I Care  of  David  Kimball,  Portsmouth,  N.  H. 

Johnson,  Thomas  H Engineer  to  Contractors  Indiana  State  House,  75  West 

Market  street,  Indianapolis,  Ind. 

Masten,  C.   S Chief  Engineer  Decatur  and  State  Line  Railroad,  Streator, 

111. 

Merrill,  William  F  .  . .  .Chief  Engineer  and  Superintendent  T.  P.  and  W.  R.  R., 

Peoria,  111. 

Pettit,  Henry '^437  Walnut  street,  Philadelphia,  Pa. 

Pickett,  William  D Bozeman,  Montana. 

Reed,  Samuel  B Civil  Engineer,  Joliet,  111. 

Smith,  Isaac  W Chief  Engineer  of  the  Board  of  State  Harbor  Commis- 
sioners, ID  California  street,  San  Francisco,  Cal. 

Truesdell,  Charles  . . .  .Engineer  Water  Works,  Syracuse,  N.  Y. 

Warfield,  a.  G.,  Jr Assistant  State  Engineer,  Sacramento,  Cal. 

Weeks,  Harvey  R Div.  Engineer  Cin.  South.  R.R.,  Chattanooga,  Tenn. 

Weir,  Frederick  C Care  of  Adams  Express  Co.,  Cincinnati,  Ohio. 

juniors. 

Bruner,  D.  P 13  North  Third  street,  Harrisburg,  Pa. 

Knight,  William  B Care  of  PanamaR.R.  Co.,  37  Wall  street,  New  York. 

Lucas,  D.  Jones Box  1150,  Corry,  Pa. 
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Staats,  R.  P 226  West  Fifteenth  street,  New  York. 

WiHNERY,  Samuel Ass't  Engineer,   Elk    River  Shoals,  Wheeler,  Lawrence 

Co.,  Ala. 


RESIGNATIONS. 

Alisert,  John  S Member Nov.  i6th,  1878 

Bacot,  Robert  C "       Oct.    22d,  1878 

HoBART,  N.  P., Jr '*        ....    Jan.    7th,  1879 

How,  James •'        Nov.  5th,  1878 

McGee,  John "        Nov.  4ih,  1878 

Tucker,  Stephen  D "       Nov.   9th,  1878 


deceased. 

Hatfield,  Robert  G.  . .  . Member Febmar)',    1879 

Tasker,  Thomas  T.,  Jr.  .Fellow Aug.  19th,  1877 
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